
UNCLASSIFIED

AD NUMBER

ADB089118

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to DoD only;
Premature dissemination; 14 Jan 1985.
Other requests shall be referred to Office
of the Assistant Secretary of Defense,
Manpower Installations, and Logistics the
Pentagon, Washington, D.C. 20310.

AUTHORITY

OSD/MI&L notice 4 sep 1986.

THIS PAGE IS UNCLASSIFIED



F MANAGEMENT CONSULTING & RESEARCH, INC.

STR-8317-1

DEMONSTRATION OF THE EARLY-ON MANPOWER
REQUIREMENTS ESTIMATION METHODOLOGY:

AH-64 (APACHE) AND UH-60A (BLACK HAWK) HELICOPTERS

By:

William P. Hutzler
Patricia A. Insley
Betty Lou Bantor

Otttt

31 December 1983

DISTRIBUTION LIMITED TO DOD COMPONENTS ONLY; Dte13MxNI
OO1;TAI11 ... PR.....7 R_-I•Jfl .... _ OTHER REQUESTS MUST BE
REFERRED TO OSD/MI&L (LMM-LP). /€ •

Prepared For:

Office of the Assistant Secretary of Defense
for Manpower, Installations and Logistics

Contract Number: MDA903-82-C-0400

rz Prepared By:

MANAGEMENT CONSULTING & RESEARCH, INC.
Four Skyline Place FEB4 1985 -

5113 Leesburg Pike, Suite 509
Falls Church, Virginia 22041

(7o3 1 820-4600 A



SECURITY CLAS8IPICATION OF THIS1 PAGE MIW,. Dots 5tntoro0 .

REPORT DOCUMENTATION PAGE BEFORE COMPLEING~f~ FORM
_V RPOR NUMBE 2. GOVT ACCSir. . CIPIENTUS CATALOG NUMBER

TR-8317-1
4. TITLE fund Sublitia) S. Type OF REPORT a PERIOD COVERED -

Demonstration of the Early-on Manpower v
Requirements Estimation Methodology: _____________

AH-64 (APACHE) and UR-60A (BLACK HAWK) S. PaRPORMING ORO. REPORT NumnaER
i% elicopters TR-8317-1

9. AUTI4OR(e) 4. CONTRACT OR GRANT NUM§91R('03-'
William P. Hutzler M~A903-82-C-04O0
Patricia A. Insley9
BettyLou Bantor

9- PRFORMIN6 31ROANIZAVION NAME AND ADORERS !110fGPATk,4.jL 4tj.jPRO CT. TASKC
Management Consulting & Research, Inc.
5113 Leesburg Pike, Suite 509L ~Falls Church, Virginia 2204DA1

11,COTOLN PCZNMAN DR1ItREOTDE
Office of the Assistant Secretary of Defense 13 December 1983
Manpower Installations, and Logistics 'W. NUMN5E r@PROSS
The Pentagon, Washington, D.C. 20310 116

I*- MONITORIING 1410NY NAME & ADDRE66(5Iiite~~ 21tnni OIN& online Offlc) IS.SCURITY CLASS. (of Mirnetport)

UNhCLASSIFIED

16.~~~ii D111RIOUTONA1TON/9O (atWiR RDoNe

Distribution limited to DoD only. Premature dissemination 14 January 1985.
Other requests must be referred to OSD/MI&L (LIOI-LP) The Pentagon,
Washington D.C., 20310.

17. DISTRIIsUTIOI STATEMENT fat the ebottoof shfored In Bleak 20 It dittientu hoee Roese)

16. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue, on roverse side Itnecessary and Ideality by block amber)
Acquisition Process
tianpower Requ iremnents

* Personnel Requirements
Weapon Systems

* 21L AInRAC1 (MINNUe 26 uevwi &M N vemino@ 0d IdeOW10 bY block ninabe)
Management Consulting & Research, Inc. k(MCR) developed a methodotogy, for
the Early-on Manpower Requirements Estimation Methodology (EMREM)...h~he
methodology is demonstrated using two systems: the AH-64 (APACHE) helicopter

* and the UHI-*60A (BLACK HAWK) helicopter. Included are hardware characteristics,
possible baseline systems, and a description of the new system in terms of
appropriate baseline systems/subsystem characteristics. Mlanpower require-7777
ments are estimated and translated into aptitude clusters.

AN 72O3 EDITION OF I NOV 66 It 011SOLETS.NLSSFE

SELCURII Y CLAS2IPICATION OF THIF PAGEC (Whon. Dols Entered) -9....



MANAGEMENT CONSULTING& RESEARCH, INC.

TR-8317-1

DEMONSTRATION OF THE EARLY-ON MANPOWER
REQUIREMENTS ESTIMATION METHODOLOGY.

AH-64 (APACHE) AND UH-60A (BLACK HAWK) HELICOPTERS

By.

William P. Hutzler
Patricia A. Insley
Betty Lou Bantor

31 December 1983

DISTRIBUTION LIMITED TO DOD COMPONENTS ONLYt 9 4""M-Rm

V,,A VIEZ ER.' CP. OTHER REQUESTS MUST BE
REFERRED TO OSD/MI&L (LMM-LP). /. , ; "

Prepared Fort

Office of the Assistant Secretary of Defense S
for Manpower, Installations and Logistics

Contract Number. MDA903-82.-C-0400

6&

Prepared By.

MANAGEMENT CONSULTING & RESEARCH, INC.
Four Skyline Place

5113 Leesburg Pike, Suite 509
Falls Church, Virginia 22041 S

(703) 820-4600
I "%*•

;.•'.•:A *z.¶.At* *L * . . .. ... .~... . ... ,*..,., ..



~' ~ PREFACE

~5aage~ntConultngA Research, Inc. (NCR) was tanked -by--I,.

the Office of the Assistant Secretary of Defense for Manpower,

Installations and Logistics, OAbD(MI&L)p under Phase I of con-

tract MDA9O3-82-C-0400, tot

ý- develop and implement a methodology for projecting the
long-term supply of manpower, by categories of apti-
tude, in the non-prior service youth populationj

p design a procedure for determining, very early in the
acquisition process, manpower demand over the life

*cycle of an individual weapon systeml

p implement and validate the demand projection methodol-

2by estimating manpower requirements for the Army's

recommend ways in which to generalize the manpower
demand methodology to weapon systems in all four
Services. .T

These f~our tasKA have been completed and documented.'

. ... n the second phase of its work, NCRAýee-b.n tasked--by

*OASD (MKA&L) .-t*o'W

e further demonstrate the applicability of the Early-On
Manpower Requirements Estimation Methodology (EMREM)
and test the accuracy of its estimates for both high
and low technology systems.~.*nfd. *-*

0 extend EMREM to tni-Service application.

Vt TR-8217-l, Estimation of Manvower Requirements for Wea~,on Systems,.*.
in the Concept Explortion Ph~ase# Management consulting&
Research,' Inc., Pralls Church, Virginiat 15 April 1983.

TR-8217-2# Aptitude Content of the Non-Prior Service Youth and
Enlisted Apprentice Populations: 1982-2010# Management
Consulting & Research, Inc., Falls Church Vigna
1 December 1983.

* TR-8217-3, Demonstration of the Early-On Manpower Requirements
Estimation Methodoloayt 91 Abams Main Battle Tankp Managem-ent
Consulting & Researcho Inc## Fall$ Chrch, Virginia-,
30 September 1983.



This report addresses the first of the Phase II tasks listed

p above. It also reviews MCR's methodology for determining weapon

systemn-specif ic enlisted manpower requirements during the Concept

Exploration Phase of the acquisition process, Analysis pertormed

on the second Phase II topic is separately documented*a'E

Implementation of theme manpower supply and demand methodol-

* ogles is intended to provide the Department of Defense with a means

to identify probable weapon system manning constraints while

systems are still in the earliest stages of their acquisition

planning.

/AcCO eln For

U. IUk~OUEýC' r j

Diept I ~ Ia/

./TR-8317-2, Tni-Service A plicability of the Earl y-On Manpower
Requirements estimation Raethodoioa , Mana-gement consulting&
Researchl incep Falls Chrch, Virginia, 31 December 1983.

*.'&4 ~ - -- ____ 4
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I. INTRODUCTION

Estimation of the manpower requirements for weapon systems

that are in the early stages of their acquisition process is very

important to defense planners. There are several reasons for

this, First, weapon systems are becoming increasingly complex

technologically. Since it takes a number of years to train

individuals to operate and maintain complex systems, planning '.

lead-time is needed to fully staff the operator and support pipe-

lines. Second, the supply of young men and women eligible to

enter military service is declining and will continue to do so

until the mid-1990s, Acquisition managers and weapon system

designers must be sensitive to that fact and the increasing com-.

petition for a scarce resource that will ensue. Finally, person-

nel costs have been and will continue to be the single largest

portion of the Department of Defense budget. We should expect

those costs to increase, especially in light of the declining

supply of non-prior Service youth. Early estimation of manpower

requirements for a weapon system may ultimately lead to better

(i.e., more maintainable) designs and ensure the availability of

appropriate numbers of skilled operator and support personnel.

A. HACKGRUUND

Management Consulting & Research, Inc. (MCR) has been tasked

by the office of the Assistant Secretary of Defense for Manpower,

Installations and Logistics, OASD(MI&L), to develop and demon-

strate a methodology for projecting weapon system-specific enlisted

4.5-
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manpower requirements in the Concept Exploration Phase of a wea-

p pon system acquisition.!/ The Early-On Manpower Requirements

Estimation Methodology (EMREM)i developed and initially demon-

strated on the Ml Abrams Main Battle Tank in P'hase I of this

study# was developed in response to that requirement. EMREM is

designed to:

0 focus on enlisted military personnel involved in the
~ operation and support of a weapon system,

0 consider changes in manpower requirements that can
occur during the operational life of a weapon system,
and

0 use readily available data.
in This manpower requirements estimation methodology is designed

to be compatible with MCR's proposed manpower supply projection

methodology*,i/ For this reason, manpower requirements described

inthis report are translated into requirements for manpower in

particular Aptitude Clusters.!/ Aptitude Clusters are general

groupings of similar skills and capabilities needed to quality for

* jobs in the military.

NCR has been tasked in Phase 11 to further demonstrate kEMREM

* on two additional weapon mystems, the AH-64 Apache and the UH-60A

2/This is part of an overall study to develop and demonstrate
methodologies for estimating the long-term supply and demand tor
enlisted military manpower, presented in terms of aptitude cate-
gories.

TR-82171- 2 Aptitude Content of the Non-Prior Service Youth and
Enlisted Apprentlce Populations: 1982-igu1 management Consulting
=&Research, Inc., Falls Church, Virginia, 30 September 1983.

~/A complete description of Aptitude Clusters is contained in the
MCR report TR-8217-2 referenced above. An overview of the

cluster concept is contained in Appendix A.

1-2



F 60

Black Hawk helicopters. These demonstrations are intended to

I address the ability of analysts and designers to evaluate the

impact on manpower requirements of different technologies. The .

AH-64 was chosen to represent a high tec(hnology systemi the

UH-60A was chosen as the counterpart low technology system.

This report documents MCR's application of EMREM on both the

AH-64 Apache and UH-60A Black Hawk helicopters. In applying the

methodology# we have attempted to use only data that were avail-

able in the early stages (i.e.• Pre-DSARC Milestone 1) of both

weapon system acquisitions. A true test of the methodology

would have been achieved if all the data used were prior to 1972,

the end of the respective AH-64 and UH-60A Concept Exploration

Phases, However, because the complete historical files on both

systems are unavailable, certain concessions wore made in this

demonstration of EMREM, The result is a demonstration of the

methodology as it could have been performed later in the respec-

tive acquisition cycles. However, if the historical record were

' intact, a "Concept Exploration Phase estimate" of the manpower

* requirements for both weapon systems could have been made using

EMREM. The larger goal of demonstrating early technology impli-

*. cations on manpower requirements has been achieved.

"B. ORGANIZATION OF THIS REPORT

Section II of this report provides an overview of the EMREM

methodology developed by MCRI/ Also included in that section is '

A more detailed description of the methodology and considerations

relating to its use are contained in the MCR report documenting

the first task in Phase I of the study: TR-8217-3, Demonstration
of the Early-On Maneower Requirements Estimation Methodoloy: ...

RI Abrams main Battle Tank, referenced above.

L
1-3
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a brief discussion of the data available and appropriate for use

in these demonstrations.

Sections III and IV document the EMREM analyses for the

AM-64 and UH-60A helicopters, respectively. These two sections

parallel each other and are structured according to the parts of

the EMREM. Included in each are summaries of the hardware char-

acterization for the new systems, a discussion of the possible

baseline systems, and a description of the new system in terms of

the appropriate baseline system/subsystem characteristics. The ,

actual development of manpower requirements estimates starting "

with the identification and collection of relevant data, and

ending with the calculation of the estimate and the translation

of the estimate to Aptitude Cluster requirements, are also

briefly described.

Overall conclusions regarding this demonstration of EMREM

are presented in Section V.

Following these sections is a set of appendices which pro-

vide additional technical information and document the references

used in this analysis.

1 4. 4,
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Ile AN OVERVIEW UP THE EARLY-ON MANPOWER REQUIREMENTS
ESTIMATION METI1QDOLULGY

This section describes the basic structure of N4CR's Early-on

K Manpower Requirements Estimation Methodology (EMREM). This dis-

* ~cussion concentrates on the structure of the methodology, the

sources of data nieded to implement the methodology on Army sys-

tems, and the data available for use in the current demonstrations.

A. STRUCTURE UP THE METHODOLOGY

The structure of the proposed manpower demand projection

methodology is illustrated in Exhibit lI-1, There are two major

parts to the methodology# comprising a sequence of six analytical

steps. These &art

Part 1. Hardware Characterization

a. identify Baseline Weapon System
*b. Determine Baseline Weapon System

Characteristics Changes
c. Develop New Weapon System Description

Part k. Manpower Requirements Estimation

&a. Identify and Collect data on Manpower and Planned
System Applications

b. Develop Manpower Estimates for New Weapon System
ce Translate Requirements into A4ptitude Clusters

A brief description of the methodology is provided below.

1. Hardware Characterization

The first part of the MC1& methodology focuses on the

identification of the hardware characteristics of the "new" :::
system. kly "new", we mean a weapon system concept that is being

considered for acquisition and is the focus of the new design

~Al
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MIssio Need Statement II I

PART 1. HARDWARE CHARACTERIZATION -

ama,.,.'

Identify Baseline Weapon System """"

Determine Baseline Weapon Systemj
Chara&teristics Chanas

Develop Now Weapon .
System Descript ion

PART 2. MANPOWER REQUIREMENTS ESTIMATZON .

SlIdentify and Collect Data
on Manpower and

Plann.ed Ss~tem Applications,:;i•.
S... ... ::a a...:

Develop Manpower Ratimates
for Ner Weapon System

N .... no.

Translate Requirements
into Aptitude Clusters

Exhibit II-I. SUMMARY OF THE EARLY-ON . _

MANPOWER REQUIREMENTS ESTIMATION METHODOLOGY (EMREM)

11-2
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effort. The system may be required to face a completely new

threat, replace an existing system or systems, or to exploit

emerging technology. The need for this system is presented in .

its mission need statement.

As with the estimation of manpower requirements, the ,

hardware characterization for the new system relies on compara-

bility analysis. Planned characteristics for the new system are

compared to characteristics of existing systems, with each sub-

system examined largely independently. Most resource analysis

early in the development of a weapon system design uses this
7,. "

approach to some extent. Current ObD policy in the form of4*.

MIL-STD-1366-lA, Logistic Support Analysis (April 1983), advo-

I% cates the use of comparability analysis in developing early '.

resource requirement estimates.

a. Identify the Baseline Weapon System

The baseline system-/ is that system (or systems

already in the force structure which most closely relates to the

design, performance, and support characteristics of the new sye-

tem. That system is, in effect, the baseline from which new

designs or concepts are evaluated.

The purpose of the baseline system is to establish

a starting point for considering hardware characteristics and .4',.'

manpower data that may be extrapolated to the new system. In

determining the baseline system, the objective is to achieve the

2/ The reference to a single baseline system is made only to sim-
plify the discussion. In actual practice, several systems or 'o
portions of several systems, representing specific capabilities
required of the new system may be used. In this application of
EMR.EM to the 0H-64 and UH-60A both primary and secondary baseline
systems are used for this purpose.

11-3
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* most detailed description of performance parameters and hardware

characteristics that can be developed from the mission need

statement. This allows greater confidence in using the baseline "

system manpower requirements as an analog for establishing the

new system manpower estimates.

b. Determine the baseline Weapon bystem Character-
istics Changes

Having identified the primary and any secondary
baseline systems, which are to serve as the principal source of

historical hardware and manpower data, it is important to isolate

the elements of the baseline system that are shared with the new

system. The basic approach taken in analyzing potential differ-

ences between the new and existing systems is to identify those

hardware features of the baseline system that are inconsistent

with the postulated mission need. These subsystems wili be used

as the basis for exploring the appropriateness of related man-

N..power requirements in the development of the now system manpower

* estimate.

c. Develop Now Weapon System Description

Having identified those characteristics of the

baseline system that can be considered functionally similar to 0

(or wholly in common with) the new system, the next stop is to

complete the hardware characterisitics definition of the new sys-

tem. That involvos completing the list of new system subsystems

and identifying subsystem functions that appear to require new or

modified hardware. S. .:

11-4 SA

,*2 '. - %



It is possible that one or more of the new system

requirements may have no lunctional relationship with any exist-

ing system or subsystem. These requirements can be classified as .i

developmental, in that no baseline or in-service system data is ...,% .

available for any functional hardware. In these instances, a

proxy for the system characteristic could be selected based on

the perceived similarity of manpower reguirements, or additional

analysis supplementing the main estimating effort could be

performed-to develop preliminary estimates for individual devel-

opmental subsystems. In any case, the historical data ulti-

mately used may require tailoring to "fit" the now system.

Information concerning the definition of the new system hardware "..

characteristics and the relationship of these to in-service and

developmental subsystems usually comes from system designers or

other specialists.,

The ultimate product of the first part of the

EMREM methodology, the Hardward Characterization, is a description

of the new system. This description is provided as a list of the

set of subsystems contained in the system, associated with a

general description of the performance parameters and operational

requirements contained in the mission need statement.

The list of hardware characteristics developed in

this part of the EMREM methodology acts as the guide for develop-

ing the manpower estimates in the next part of the analysis.

2. Manpower Requirements Estimation

The analysis as developed thus far lays the groundwork

for developing an initial estimate of weapon system manpower
4." 9.*'.',
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requirements. For the purposes of this analysis, this involves

determining the total number of enlisted operators (or crew) and

enlisted below-depot-level maintenance personnel required by the

system. It is presented in the context of the organizational

unit in which the system will be deployed.
The manpower estimate in developed in three steps, each

of which is outlined below.

a. Identify and Collect Data on Mangower and
.aynnea Bystem Applications

Zn order to develop estimates of manpower require-

monta, a variety of data must be identified. Information on the

planned operational environment, the general structure of the

organizational unit, the number of systems to be assigned to

organizational units, maintainability and repairability goals,

and actual manpower data must be collected. The methodology

largely relies on the use of historical manpower data for the

baseline system for estimating maintenance manpower requirements. .

While estimates developed later in the design process can use

planned system operational data to develop now system require-

monte estimates, very early manpower estimating must rely on

adapting historical experience to the new application. (The
reconstruction of an historical data file no longer intact

presents additional concerns which are discussed later in this

section.)

b. Develop Manpower Estimates for the Now Weapon '
system .~:', t*.\% *1 .

The hardware c haracterization developed for the
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new weapon system forms the basis for subsequently developing

pt estimates of manpower requirements for that system, As explained

in the discussion of the hardware characterization, the subsys-

tems planned for the new system are related to those of the

primary and secondary baseline systems. Subsystem functions

:• '' common to both the new and baseline systems are identified after

comparing the functional requirements (i.e., planned operational

"environment, usage rates, maintenance philosophy) of the new

system to the baseline. Those subsystems not found to be similar

to baseline subsystems are compared to other In-service systems.

This analysis expands on the hardware characterization for the

purpose of identifying the availability and appropriateness of

historical manpower data. Ideally data should be in the form of

S..maintenance manhours per operational hour or increment (e.g.,

flying hour, mile, etc.) or in a form which can be converted to

, ,this type of data for each subsystem. The historical manpower

data adapted from the baselines will be used ae the basis for

developing subsystem manpower "modules" for the new system in the

same way that hardware characteristic groups are developed in the

first part of the methodology. There may, of course, be elements

of the new system that have no direct analog in already opera-

". tional equipment. A proxy for those functions must be identified

from the set of subsystems actually in the force structure in

order to maximize (if possible) the use of historical manpower

data.

S[. The maintenance manpower requirements experience

associates with those subsystems common to both the baseline and

T1_7
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new weapon systems is discerned by examining the historical

(actual) data on the baseline system. For those in-service sub-

systems, a similar approach is used. Attributable manpower

requirements can be obtained by extrapolating from other weapon

systems the maintenance experience peculiar to the new features.

Using the historical and derived manpower for each

of the subsystems an aggregate estimate of total enlisted '.

below-depot-level maintenance and operator/crew manhour requirs-

ments is initially developed and then aggregated to manpower

requirements. These manhour and manpower estimates are developed

in terms of requirements for specific enlisted military occupa-

tions, In order to represent potential uncertainty in these

estimates, ranges of requirements are generated. This is

accomplished by changing the various input data, usually the

usage rate (number of flying hours per year# in the case of the

AH-64 and UH-60A helicopters). When possible, peacetime and .U.

wartime estimates have boen developed by subsystem/occupation in

order to demonstrate this capability (currently required in

MIL-STD-138 U-1A ) •....

c. Translate Reguirements into Aptitude Clusters

Having developed the set ot new weapon system man-

power estimates, the final step in the EMREM process is the '

translation of those estimates from military occupations to

Aptitude Cluster requirements. The purpose of this step is to

present the requirements in terms compatible with MCR's proposed

supply projection methodology. The Aptitude Clusters represent

Li-
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* the aggregation of Service aptitude composites into a single set

of seven groupings. The aptitude composites represent the capa-
bilitise the Services have determined to be most closely &*so-

diated with their particular occupations. The definitions of the

Aptitude Clusters are summnarized in Appendix A.

Be EXAMINATION OF MANPOWER DOCUMENTS USED IN EMREMismato

test its use on both high and low technology systems. Por this

demonstrationr the AH-64 was selected as the high technology

system while the UH-60A represents the low technology system#

This section presents an overview of the documents that are pro-

pa&red for Army weapon systems along with a discussion of the

documents used in these EMREM applications.

Exhibit 11-2 summarizes the documents and document types

that are prepared for Army weapon systems. Note that the docu-

ments have been grouped into three categories:

e regularly generated or standard documents,

e programmatic documents, and

0 special studies. .
The distinguishing criterion among these three document types is

the consistency or uniformity of the data contained in the

* reports categorized.

As used here, the term "standard documents" refers to those

* ~documents prepared on a regular basis for Army weapoin systems.

* They have contents that are of a substantially uniform nature

11-9
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across weapon systems. It is this group of documents which EMREM

is proposed to most heavily utilize, There are four standard

documents considered to be potential sources of data for this

,, type of analysis:
0 the Qualitative and Quantitative Personnel Requirements

Information (OOPRI),

0 Manpower Authorization Standards and Criteria (MACRIT),

, Tables of Authorization and Equipment (TOE), and

0 Army Modernization Information Memorandum (AtIM).

Programmatic documents are those documents that are typi-

c .ally prepared for Army weapon systems# but have contents that

need not be uniform across weapon systems or even across repeated

preparations for the same weapon system. Often their contents

"reflect specially tailored data collection efforts as opposed to

a standard data collection. Three types of report,* are developed

that fall into this category:

"V, e Sample Data Collections (SDC),

0 developmental test (DT) reports, and

' operational test (UT) reports.

The final category, special studies, includes documents pre-

pared in response to a specific analytical requirement. Examples

of these special studies are task force reports and special cost

analyses.

The extent to which any t.ype of data influences the EMHEM

estimates depends largely on data availability. The ideal set of

data for the current application of FJMREM (i.e., baseline subsystem

L. 11-m
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manpower data available before the new system's DSARC Milestone

1) is incomplete. Much of the appropriate dota, which are known

to have been prepared by the Army, are now unobtainable.
I4e

The availability of data for this application is discussed

at this point in the report because we believe there are inherent

problems associated with reconstructing historical data and they

have affected this analysis* Application of EMREM on a weapon

system currently in concept exploration would not confront these

problems since appropriate contemporary data for actual or analog ."i"

systems should be available or could be developed for the analy-

sis at the time. In normal applications. the analysis of the

availability and appropriateness of manpower data would occur

after the characterization of the hardware, as part of the devel-

opment of the manpower estimates.

C. APPROPRIATE DATA FOR THE AH-64 AND UH-60A APPLICATIONS

"At this point, the set of potential input data is narrowed

down to those actually used in the EMREM calculation. In doing

so, the reasons that only some data were suitable as input are

.. explained. The actual data used in this caluclation are included

in the EMREM program listing in Appendix A of this report. ,

Since this is an historical reconstruction, the selection of

the documents used in this analysis has been limited to those

currently available. Exhibit 11-3 outlines the status of docu-k

ment availability for the AH-64, UH-60A, and the respective base-

line systems.

V.
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WEAPON SYSTEM

DOCUMENT AH-IG AH-56 AN-64 UH-IN YUH-60A UN-60A

"OQPRI UA UA NA UA NA UA

MACRIT X UA NA NA NA NA

TOE X UA UA X NA X

AMXM UA UA UA UA NA X

ODC NA UA X UA NA NA

OT UA UA NA UA UA UA

DT UA UA NA UA UA UA

Maintainability UA UA NA UA X UA
Program Plan

Task Force MA X A NA NA
Reports 

, .

UA aUnavailable data

X a Available and used data
"NA a Data not appropriate for use in this study

a.

Exhibit 11-3. AVAILABLEX.ANPOWER REQUIREMENTS DATA:
AH-64 and tlH-60A

as. '.*,
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A "UA" denotes that a document may have been prepared for the wea-

pon system, but was unavailable for use in this analysis. An

"X" signifies that the referenced report was obtained and appro-VNpriate for the current application of ENREM. An ONAU denotes 1"'

that a document was not appropriate for this ENREM application

"because of its age (i.e., the document was prepared well after

Milestone I for the weapon system) or lack of relevant information.

In this analysis, the intention has been to use pre-DSARC I

data exclusively. To the degree possible this has been foLlowed. ,,

However, for both the AH-64 and the UH-60A, a full set of circa , ,

pre-OSARC I data is no longer available. It a full set of data

had been available, then it is doubtful that data for less

"desirable baseline systems, such as the YUH-60A would have been

used. The use of the limited data that are now available for more

contemporary systems, such as the UH-lH pre-DSARC I system, wa,,

also not considered appropriate in some cases because they did :

not represent significant technolog-ical similarity with the new

systems.

As can be seen from the limited range of data, the selection

of the respective baseline systems was based largely on the

availability of supporting documents. In the case of the UH-60A
*% S.. '

analysis, this has significantly influenced tne type of analysis

which has been done.

In the next section, the EMREM analysis performed on the

AH-64 is discussed.
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III. EMREM APPLICATIUN, AH-64 APACHE HELICOPTER

Having completed an overview of EMREM, we now discuss its *.. .,.

application to the Army's Advanced Attack Helicopter, the AH-64

Apache, The AH-64 is a twin-engine, four-bladed helicopter

operated by a tandem-seated crew of two. The pilot is located in

the rear cockpit, with the copilot/gunner occupying the forward .

position. The AH-64 is the first Army Attack Helicopter to be

developed specifically for day, night, and adverse weather opera-

tions. Its missions include anti-armor, covering force, flank .

security, economy of force, and airmobile escort. The AH-64,

which is being built by Hughes Helicopters, is tentatively ached-

uled for fielding in February 1984.

The discussion of the EMREM application to the AH-64 is pro-

sented in two main parts, the Hardware Characterization and Man- *.' .e. "i

power Roquirements Estimation. *", "*

A. HARDWARE CHARACTERIZATION

The Hardware Characterization of the AH-64 is described

below in terms of the following three steps of Part I of EMREM:

1. Identify Baseline Weapon System,

2. Determine Baseline Weapon System Changes, and

3. Develop New Weapon System Description. .

Each of these is described below.

1, Identify Baseline Weapon System

As discussed in the last section, the baseline system 'r a-i

is used to establish a starting point for considering hardware

*• %*a *` % *• tt •** a `..%ta .f•t. •t•tJteJ•`-•'9 * ** t.'-', h. *p " , t " * ,., ', '," , * L *,, '. '.",.-t " . "'.c .',''.. '"



characterization and manpower requirements data that may be

applied to the new system undergoing study. In determining the

baseline system or systems, the objective Is to achieve the most

detailed description of performance parameters and hardware .,

characterisitics available. This allows greater confidence in

' using the baseline system manpower requirements to establish man-

power estimates for the new system. ", ..

For the AH-64, MCR chose primary and secondary baseline

systems. The primary baseline system represents the existing

system which most closely resembles the proposed new system (the ..

AI-64). The primary baseline system provides a generic descrip-

tion of hardware information and specific engineering and man- .....

power data. The secondary baseline system provides additional

ing;prmation on those systems not currently found on the baseline

system but expected to be on the now system.!/ In addition, the

primary and secondary baseline systems are chosen based on their

relationship to the DSARC Milestone I date of the now system, in

this case September 1972. Ideally, the baseline weapQ,, system

should have been fielded before the initiation of Concept

Exploration for the new system.

• Exhibit 111-1 illustrates the evolution of U.. attack heli-

copters. For this demonstration of EMREt, the primary baseline

system chosen for the AH-64 is the AH-56 Cheyenne helicopter. The

secondary baseline system is the AH-lG Huey Cobra. As can be

!8/ In general, more than one secondary baseline may be chosen. In
fact, the secondary systems may be from a completely different
class of weapon system than the new system.

111-2
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seen in this time line, these are the only two systems available

p before the DSARC I Milestone of the AH-64.

While the baseline systems may not completely represent all

'the characteristics to be embodied in the new system, they do

present the best starting point from which to identify hardware LYN

- and manpower characteristics the new system will possess. Due to

the lack of new system detail available in the Concept Explora- i!

tion Phase, the modular approach implemented by .MREM identifies

the best approximation of the new system.

2, Determine Baseline Weapon System Chances' " . ... ,., ,& .

Having identified the baseline systems, which serve as

the principal source of historical hardware and manpower require-

ments data, it is important to isolate the elements of those

baseline systems that are or are not shared with the new system.

In applying EMREM, the basic approach taken in analyzing the

differences between the new and baseline systems is to consider

the similarity of their hardware characteristics and perfor-

mance requirements. Much information is provided in the new .

system mission need statement. The primary baseline system, in '.

its function as a starting point for describing the new system, w"

is largely considered in terms of specifically non-transferrable ,...',

characteristics, i.e., subsystems it will not have in common with,,

the new system. The secondary baselines act as sources to pro- .'
.*" vide these *missing" data. ..... 5

The subsystems requiring substitutions were identified

by MCR through the use of an aggregate work breakdown structure

• *t .'
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(WBS). The WBS used here has been developed by modifying the

fixed-wing aircraft WMs, since there is no generally accepted WBS

for helicopters. Exhibit 111-2 indicates the 10 functional sub-

systems identified and used in this EMRE1 demonstration.

hs Indicated earlier, the major source of descriptive

hardware information available at the Concept Exploration Phase

is the mission need statement. This document outlines the per-

formance parameters and hardware features required of the new

system. The subsystems requiring substitution were identified by

MCR by comparing the performance and design parameters of the 0.

baseline weapon systems. As a result, 1CR chose all but three

subsystems from the AH-56, as representative of subsystems to be

found on the new system. The AH-IG was used as the source for

j two of the other subsystems, hydraulics/utilities and electrical

systems, based on analysis of the mission need requirements. The

tenth subsystem, the vehicle power plant, was not selected from

either of the two baseline systems since it was a newly developed

system. Exhibit 111-3 specifies the AH-64 baseline subsystems

chosen for this analysis.
0'~s

The vehicle power plant used in this analysis was the

one originally selected by the Army in December 1971 for use in

both the AH-64 and the new utility tactical transport aircraft

system (UTTAS) YUH-60A, a prototype of the UH-60A. This is the

GE-T7UU ungeared, free turbine, turbo shaft engine. There 6re a

"number of reasons why these two aircraft, although designed for

significantly different missions, would have the same engine. The

AH-64 and UH-60A are intended to be deployed together and early

.0 *,. .*•• . • . ,• ••••€
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SUBSYSTEM BASELINE SYS¥TM * .l,.

Airframe/Landing Gear AH-56 *

Rotor Group/Transmission AH-56

Power Plant/Auxiliary Power Plant YUH-60A

Hydraulfca/Ut1litiee AH-IG

Electrical System &AH-G

Flight Controls All-56

Instruments AH-56

Avionics AH-56

Fire Control/Automatic Test AHl-56
Equipment

Armament hH-56

a,;: ..'.':'
:,* a?.:.I

..... _J -

Exhibit 111-3. AH-64 BASELINE SUBSYSTEM SELECTION

111-7

- -1k



planning for both bystems advocated compatability between the two

aircraft. Also, in keeping with the Army's modular approach for
aviation maintenance, having similar engines on aircraft which

are deployed together should enable a more efficient and of fec-

tive use of maintenance resources. In addition, it was clearly

possible to pioan for such commonality since the development of .

the two systana' were chronologically related. As can be soen in

Itthe developm#At timeline for the AN-64 (Exhibit 111-1) as well as

r the corresponding one for the UH-60A, the AH-64 DSARC I occurred

in September 1972? while the mission need for the UH-GOA wat

issued slightly earlier, in February 1972. The UH-6UA mission

need statement indicated the Army's intention of having the AH-b4

engine used on the UH-60A as it became available* The transfer-

rance of technology developed on one system (even if that system

is not produced) to later systems is not unusual in helicopter

development,, as will be seen in the discussion of the UH-60A.

The baseline subsystems discussed In this section are

used in the next section to formulate the new weapon system

description.

3. Demvelop Now Weapon System Description

Ami noted in the discussion of the WBS used in this

analysis, lU subsystems were identified as representing the major

*hardware groups on a generic helicopter, with elements such as

*armament being more mission specific. In the proceeding steps,

analogs for each of these subsystems were identified, to be used

as representiktive of hardware and performance characteristics for



the new system. As noted earlier, all but one of the subsystems

p were selected from the two baselines, with the exception being

the vehicle power plant, which was a newly developed system. ,

Having identified tentative selections for each of the

generic subsystems, in this step the hardware characterization

for the new system is refined. This largely entails a more

detailed review and reevaluation of the preceeding comparability

analysis, with a view towards identifying any concerns which must

be noted in using the manpower data related to these baseline

subsystems. •.1.;

Taken together these 10 subsystems provide the best

possible functional description (based solely on the mission need

statement) of the Advanced Attack Helicopter* The justification

j for choosing each of the subsystems is reviewed below,.,

I The AH-56 airframe was chosen because its silhouette
most closely resembles the silhouette of the proposed
AH-64, Since the size of the silhouette has a negli-
gible effect on maintenance requirements, the AH-56 ,.

airframe provides the best description of the proposed
airframe of the new system. The AH-56 landing Mear was
selected based on a specification in the mission need
statement for wheeled, as opposed to the non-retractable,
tubular, skid-type landing gear. During the Concept
Exploration Phase for the AH-64, only the wheeled land-
ing gear of the AH-56 fulfilled this requirement.

. The AH-56 rotor group, which includes the transmission,
S""was selectedFbased on statements in the mission need :.

requiring the AH-64 to employ the most advanced technol-
ogy feas •e, During the Concept Exploration Phase the".
AH-56 rotor group represented this advanced technology. ,

, The selection of the YUH-60A GE-T70U power elant was .1
addressed earlier.

d I
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* The hydraulics/utilities and electrical system were
chosen from the AH-IG. Information contained in the
mission need statement did not identify required
changes to these subsystems.

0 The AH-56 fliaht controls, instruments and avionics
were selected since they most closely satisey the per-
formance specifications outlined in the mission need
statement.

0 The fire control and automatic test equipment were
chosen from the AH-56. The AN-56 includes such hard-
ware features as an automatic stabilization system,
laser range-finder, helmet sighting system and a fire
control computer, all of which were specified in the
mission need statement. .

0 The armament selected from the AN-56 are its Point Tar-
get Weapon subsystem, Area Weapon Subsystem, and Aerial
Rocket Subsystem, These most closely resemble those
postulated in the mission need statement for the AN-64.

Based on the selection of these subsystems, we next

examined the availability of manpower datawhich could be used in

developing the manpower requirements estimates.

B. AH-64 EMREM MANPOWER REQUIREMENTS ESTIMATION
The development of the manpower estimate for the AH--64 was

based on the application of baseline subsystem requirements data

to the new system operational characteristics. Allocations of

.. manpower are made for the organizational units and relevant por-

tions of the intermediate maintenance units. The organizational '

unit used for this purpose is the Air Cavalry Squadron of an Air

* Assault Division. Consideration of operator personnel (pilot

and co-pilot/gunner) are excluded from this analysis because

those positions are filled by officers or warrant officers, and,

in this application of EMREM, we are only concerned with enlisted

*5, .5.,
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personnel requirements. The manpower requirements estimation

process is discussed in three partas krt..

1. Identify and Collect Data,

2. Develop Manpower Requirements Estimates, and

3. Translate Requirements Into Aptitude Clusters. I. -
Each of these stops is discussed below.

1. Identify and Collect Data

As mentioned earlier, the availability of applicable

manpower requirements data significantly impacted this analysis. g-L

Since this demonstration of EMREM involved an historical recon- .

struction of data, the use of particular documents was determined

by their current availability. Much of the relevant manpower * '"
y.

data i'for the baseline systems),.that were documented prior to

Milestone I for the AH-64 are currently unavailable. -

An original intention of the EMREM was to be able to

estimate manpower requirements for the different phases of the

system's life cycle (i.e., initial deployment, steady state and

"post production). In the first application of EMREM to an Army .

,, system, the MI Abrams Main Battle Tank, insufficient data was

found to support any but steady-state-type estimates. Research

.into the availability of data to support the AH-64 (as well as

the UH-60A) EMREM analysis has produced no suitable data to sup-

•'port the full life cycle analysis that might have been done

* before the system's DSARC Milestone I. For this reason, only a

steady-state-type analysis, more closely related to the type of

%* 4P

".11Il-11 __ -,



estimate represented in Army staffing documents, has been

possible for the AH-64.

The data used in the AH-64 EMREM application came from

three sources, as noted in Exhibit 111-4, Again, the sources of

data are limited due to an inability to reconstruct the complete

historical data file available in 1972. These sources were found

to be the only ones suitable for use in this analysis. Specifi-

cally, subsystem-level data on maintenance manhours per flying

hour (MMH/FH) one of the critical data types for EMREM analysis

were obtained from each of these sources and were used as EMREM

input data. In calculating manpower requirements estimates, the

EMREM progam documented in Appendix H uses, in addition to

MMH/FH, the size of the organizational unit and planned annual

usage rates. Both of these parameters are addressed in detail in '

the following discussion.

.. Develop Manpower Requirements Estimates

In order to actually calculate the manpower require-

ments estimates, specific data must be extracted from the source

documents. The data are used to calculate the manhours required

by each subsystem in terms of the military occupations which work

on the subsystem, and then translated into numbers of individuals

required in each of these enlisted occupations. This is accom-

plished by performing the following six steps.

0 relate the baseline subsystems developed in the hard-
ware characterization to their associated maintenance
Military Occupational Specialty (MUSH)

0 determine the size of the organizational unit in which
the new system is to be deployedi

I.k
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subsysTEM BSAELINE SYSTEM MANPOWER DOCUMENT USED

Air! ram*/Landing Gear AN-56 AAR TF RoportA/

Rotor Group Tranamsm soen AN-E AAR TV seport

Power Plant/Auxiliary Power Plant VUH-4OA Sikorsky YUH-6OA Aircraft
Maintainability Prediction
Report V.

Hydraulics/Utilities AN-10 AR§7O-2# Change 3

KElectrical System AH-20 AAI7O-2, Change 3

Flight Controls AN-56 AAR TV Report

Instruments AH-5E AAR TV Report

Avionics AN-BE AAR TV Report

Fire Control/Automatic Test AN-5E ANR TV Report
Equipment

Armament AN-5E AAR TV Report

j/AA! TF Report referm to the Advanced Attack Helicopter Task Force Reports.

Exhiit 11-4. FINA BASLINESUBSSTEMSELETIO

AND OURES O MAPOWR DAA: H-6
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* determine applicable peacetime and wartime usage rates;

0 calculate maintenance manpower requirements and allo-
cat. to appropriate maintenance echelonsy p.

0 convert maintenance manhour requirements to personnel
requirements; and

* display manpower requirements estimates for peacetime

and wartime scenarios.

Each of these steps is discussed below.

a. Relate Baseline Subsystems to Associated Mainte-
nance MOS
The manpower requirements estimate developed using

EMREM is ultimately to be translated into Aptitude Clusters.

Therefore, at some point, the manpower requirements must be

grouped according to related skills. It is simpler to relate the

hardware characteristics (i.e., subsystems) to the occupations of

the manpower maintaining the subsystem from the outset rather

than to convert to Army Military Occupational Specialty (MOB) A

code in the final stages of the analysis. Since, the latter cat.-

gories may be readily related to skills, we have opted to take

this approach.

Exhibit 111-5 shows the results of the association

of the AH-64 hardware characterization, (by WBS subsystem), with

occupations and related MOS. For the MOS which were not indi-

cated explicitly as subsystem specific, such as Advanced Attack

Helicopter Repairer (referred to as Technical Inspectors in the

more senior pay grades) the relevant MOS was deduced from AR

611-2UI. In addition to those MOS identified in this analysis, a

new MOS for the Integrated Helmet and Display Sighting System,

with skills similar to those of a 43M Fabric Repair Specialist,

S111-14
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RELATED
NO$ OCCUPATION TITLE1' HARDWARE CHARACTERISTIC

35 Avionic t"echanicz/ Flight Controla/Instrumente/Avionic

67R'/ Attack Helicopter Repairer Various Uubsysteme/Inspectiofl

Goo Aircraft Power Plant Repairer Power Plant/Auxiliary Power Unit

G&D Aircraft Power Train Repairer Rotor Group/Transmission

657 Aircraft Electrician Electrical System

68G Aircraft Structural Repairer Airframe/Landing Gear

68H Aircraft Pneudraulics Repairer Hydraulles/Utilities

683 Helicopter Missile System Repairer Fire Control/Automatic Test Equipment

64J/M1' Helicopter Weapons System Repairer Armament

* 1/ The occupation titles and NO$ codes have been taken from AR6ll-201.

~/This is ageneric term referring to all the relevant avionic maintenance required on \
the AH-64

N1 o$ 67R has been changed to 67Y since the AH-64 Concept Exploration Phase. I

5/These MO$ have been combined since* both work on the Armament.

Exhiit 11-5 RELTIOSHIPOF MS T HARWAR

CHARACTRISTICS AH6

111-1
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is currently being developed. As can be seen in Exhibit 111-5,

there are instances where multiple maintenance or support func-

tions of several subsystems were identified with a single MOSB In

those cases# individual requirements for the MOB for each sub-

systet were calculated and added together. A particular instance

of this is the 35 Avionic Mechanic, who works on the flight con-

trol instruments and avionice systems. Requirements for indivi-

dual MOB have been grouped into a single non-system-specific MOB

group of 3b.*

b. Determine AH-64 Organizational Unit Size

In the change from the H-series Table of Organiza-

tion and Equipment (TOE), which only included AH-1 Series data, #.Y

to J-series TOES (uinder which the AH-64 will be fielded), the

number of helicopters per squadron decreased from 27 to 18. This

is a doctrinal change that could not have been predicted during

Concept Exploration Phase for the AH-64. Although this violates
.e 9

the intention of developing a "pure" Concept Exploration Phase

estimate, the 18-helicopter squadron was used here as the organ-

izational unit for the manpower requirements estimates in order

to facilitate comparison to current Army estimates. Had the

27-holicopter squadron been used, the maintenance manhour eati-

mates developed here would have been significantly larger.

c. Determine ApDlicable Peacetime and Wartime Usage
Rates a

For this application of EMREM, two usage rates

have been specified. One reflects a peacetime scenario, the

111-16
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other reflects expected wartime operations. The wartime usage

p rate is based on information in the mission need statement. A

usage rate range of 1200-1320 flying hours/year (FH/Yr) reflects

the various operating tempos of a wartime environment. The

peacetime usage rate of 240 PH/Yr is based on information

obtained from the Department of the Army and is indicativa of

.jppeacetime operating tempos. In the sections that follow, the

EM•M• estimates are developed as a function of these usago rates.

d. Calculnte Manpower Requirements by Maintenance

Level

"As cited earlier, the manpower data must be

arrayed into the appropriate echelons of maintenance. In the

case of Army aviation, organizational (ORG)p direct support (DS),

and general support (GS) maintenance are now organized into Avia-

tion Unit Maintenance (AVUH) and Aviation Intermediate Mainten-

ance (AVIM). This is the result of the aggregation of ORG and

some proportion of DS maintenance to form the AVUM echelon, and

the combining of the remaining proportion of DS with GS to form

the AVIM echelon. However, this change was made in the mid-

1970s, and so the aviation maintenance data from 1972 refers only

to ORG, DS and GS maintenance echelons. Again, this is a doc- 7.

trinal change which could not have been predicted during the

Concept Exploration Phase of the AH-64.

In this study, manhour requirements are calculated .

for each echelon of maintenance, ORG, DS, and GS, As shown in

Exhibits 111-6 to II1-8 the estimates are presented by MOS for

both peactime and wartime scenarios for an organizational unit of

L 11-17,-.•
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240 1200o1320 BSM.

, 41H 364 1822-2004 YUH-60A

GOD 15171 u560-8316 AH-6ir

;•6r0 0-0 ANI-10

GB 139l~ 691-760 AH4-56
31 , 60 0 o-1 AH-5C
67R 'S 124 821-903 AH-56

613/m 13264 6118-22739 UH-56O

k'''TOTAL 21131 10115 9..118l)74

i:! U; I/ U-t.imste isl for 10 AH-64 heliLopt~ers.

1 ~~o 6 : /10 7R has been changed to 67Y since the AH-64 Concept

"•.4 txl6ato 0P0-0se.l

6Exhibit 111-6. AH-64 ORG LEVEL ANNUAL MAINTENANCE
HMANHOUR ESTIMATE

114-18 A"

613/ 1324 6616-7729 N-I
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IMN tMATS~'/V

240 -1200-1320 AII

35 2013 10006-11072 AN-IS

• • o. t-.,- +

67K£ 919 4791-1275 AN-56S'

G1s 316 15781-736 YUH-SQA

610 0621 48103-52914 AN-IS

sir 8640 43200-47520 AH-10

62!6321630 AH-5S

R/T 23I153 IA-12997 A Nm

TOTAL 27117 139083-152993 --

MOM 6R ha bee Cha:nged t~lo 7Y sinc the AN-4 Concept
N

+,o Ao.3o ,..

•I. Exhibit111 . A-451D-S LEVE AN -S UAL-

6iP 164MA3INTENANCE MANH-U SIMATE
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240 1200-1320 LSy

35 GO7~ 30346-33383 AN-SO

67a0 0-0 AH-SO

Gen6 0 1 -1 YUH-G0A

GOD ~ 109 914-1093 AH-56

6F7776 38610-42766 AN-10

660 52 259-285 AH-5O

68H1 3968 19440-21384AH1

663 677 4385-4823 AH-56

663/N 3218 16092-17701 AN-56

TOTAL 22060 110399-121436

A/Estimate in for 16 AH-64 helicopters.

aiMOM 67R has been changed to 67Yd since the AH-64 Concept
Exploration Phase.

'Exhibit 111-8. AHi-64 GS LEVEL ANNUAL MAINTENANCEL
MANHOUR ESTIMATE

'a 111-20



* 18 AH-64s. The baseline system is also indicated. The total of

the annual maintenance manhours across MOS provides an aggregate

pict-.re of the maintenance inte,•aity associated with each echelon

of maintenance. As an example, it is evident that the majority

of armament and fire control/automatic test equipment repair per-

formed by 686/M is at the ORG echelon. This suggests that rapid -1"

turnaround is required for the armament and fire control compo-

nents, The absence of 6SF and 68H maintenance requirements at

the ORO echelon is a result of the specification in AR 570-2

(Change S, dated May 1971), the source of AH-lG manpower data.

According to AR 57U-2 (Change 3), maintenance pertrmod by MOB

69F and 68H is deferred to the DS to GS echelons

Exhibit 111-9 shows the total annual maintenance '..,

manhours required across (QRG, DS and GU maintenance echelons by

MOB. The next section describes the conversion from manhour. to

the number of personnel required.

C. Convert Manhoure to Personnel

The conversion of manhours to numbers of personnel

. is accomplished by dividing annual manhour requirements by aver-

age available productive manhour (AAPMH) factors that are

described in AR 570-2. Those factors reflect the estimated number

of hours per year available for productive work by the individuals

engaged in particular types of maintenance. For calculations for

each echelon, the EMREM program uses a range of AAPMH factors as "-'-"

input.

111-2
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P RXAUYTU w m NRT MEAEILZNU ,,

35 10600 54000-59400 AH-IS
67A•' 4471 2336S-24592 AH-56

683 680 3401-3741 ¥UH-GOA

GOD 11332 56657-52323 AH-56

__ _ _ 6416 820 50-90_86 AN-103 90
LV.

* 'I,

Goo 486 2 460-25804 AH-5,6,

/ m 12 o456-3"01c4 AH-op 
4,1

GSH

5$JH •l0 D4381208347 AH" 56

V..

ExibTOTAL - 715-68 3O764E-39340S ... L N

I/ E timate is for 18 AH-64 helicopter ,$.;'.

MO NO 67K has been changed to 67Y since the AH- 14 Concept,.'. .Exploration Phae .l 
,.,..? .

. . eI %

MAINTENANCE MANHOUR ESTIMATE

~5 111-22 
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While the quotient of the manhour requirements and

the AAPMH factor need not be a whole rumberp the personnel

authorizations for an organizational unit must be expressed in

terms of whole people. Therefore, these quotients must be ,.'.•

rounded. A convention has been used in this analysis concerning

rounding to the next whole person. Since rounding down always

results in greater workloads (per man), explicit consideration

was given to the situation in which rounding was required.

The criterion used in this study in applying the

rounding rule has been that if rounding down means more than ton

percent more work per year, per man, then rounding upward is to

be done. However, use of this rule was modified in that if sat-

isfaction of the former condition implies that personnel involved
.6

are each working at less than 90 percent of the AAPMH factor,

then rounding downward prevails. This latter stipulation pre-

vents over-estimation of personnel requirements. This convention

was used rather than simply rounding to the nearest integer,

* since it allows for the more explicit balancing of workload. For
further details on theme calculations, consult Appendix B.

In the Concept Exploration Phase only a tentative e

estimate of the planned usage rate is available. For this reason

and also to reflect various operating scenarios, a range of uuege

rates was used in this analysis. Regarding the use of a particu-

lar AAPMH factor, questions concerning the validity of any one

factor value induced the use of a range of AAPMH values as well.

For wartime ORG echelon maintenance and support

personnel requirements calculations, the AR 57U-2 TOE Category I

111.23,.' • • , .• .
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AAPMH value of 25UU hours per year, plus and minus 10 percent,

was employed. Similarly, D8 echelon calculations were based on

an MAPMH value of 2700 hours per year (TOE Category II), plus and

minus 10 percent. GS echelon calculations were based on a value

of 3100 hours per year (TOE Category III), plus and minus 10

percent.

Strictly speaking, practically any ot the assump-

tions that are invoked in the calculation of these manpower re-

quirements estimates could serve as a range-generating basis. For

example, the number of helicopters per organizational unit could

have been varied, However, varying such key parameters was de-

liberately restricted in this demonstration so as to avoid obscur-,.."'.

ing the results.

For further elaboration on the mechanics of the
"I, '°.,

calculations# consult the MMREM computer code located in Appendix M, ..

f. Dis4l;y Manpower Requirements Estimates for Peace-
time and Wartime Scenarios ',

Exhibit III-10 summarizes the peacetime personnel

* requirements at ORG, DS and G8 echelons of maintenance. Only one

number for personnel is specified since only one value for the

AAPMH was used and also only a single usage rate was specified in
"s.*s "4

the mission need statement, .,

Exhibit III-11 summarizes the wartime personnel

requirements at the ORG, DS and GS echelons of maintenance. A

range of personnel is generated here due to use of a range of

AAPMH factors and usage rates. This exhibit illustrates that in

wartime, MO 68J/M requires the largest personnel allocation at

11 .42111-24'
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UMPZM PERSONNZL ROQUZIMENTS"
_________ESTZIMATE I/ _____

0ON Do as r. •,,

Io O2700 3100 BASELINE

No 1 24UI$t

672'" 2 1 0 AH-56

$$a 1 1 0 VUH-OA
GOD 1 4 0 AH-56

a 6F 0 3 3 AH-10

680 0 1 0 AH-56 "Ut,

68H 0 2 2 AH-10

6/3 0 1 1 AH-56

GS3/~' 11 1AN 56

TOTAL 10 15 -

,/ Estimate is for 10 AH-64 helicopters.

./ Generic term referring to all relevant avionics maintenance required -

on the helicopter. .

, 1_/ 673 changed to 67Y since AH-64 Concept Exploration Phase. .

4/ These MOB have been combined in this analysis since thev both work
on the Armament and work load can not be differentiated. -

Exhibit 111-10. AH-64 ORG, DS AND GS LEVEL PEACETIME
PERSONNEL REQUIREMENTS

111-25 ,.,. .
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WW HIGH M I.OI HL L4 IG1- U",-

2250 2U750  2430 2970  P03410N

67RI/ 6 I 2 2 0 0 AH-565i ! 7 4 5 11 AH-56

6 -O B 1 1 0 0 YUH-60A

650 3 4 16 21 1 1 AN-$• ...

68G 1 0 1 A-I

SON 0 0 5 7 6 7 AH-56

Goa I I 1 a 2 2 AH-56

do3/Mi1 24 32 4 5 5 6 AH-S6

TOTAL 41 54 _41 63 34 43 - __

.* it ..

2/ Estimate is for 18 AH-64 helicopters,

. Gneoric term reforrinq to all relevant avionics mainteince na "'
required on the helicopter.

3/ 679 changed to 67Y since AN-64 Concept Exploration Phase.

.. Theme MOD have been combined in this analysis since they both •
work on the Armament and work load can not be differentiated.

Exhibit IIl-ll. AH-64 ORG, DS AND GS LEVEL
.',. WARTIME PERSONNEL REQUIREMENTS

111-26



the ORG echelon. This could be due in part to the maintenance

requirements associated-with repair of the HELLFIRE missile

system and its related materiel.

With conversion from manhours to personnel corn-

plete, we now translate the personnel estimates into Aptitude Clusters.

3, Translate Manpower Requirements to Aptitude Clusters

The final step in the development of the EMREM elti-

mates involves the translation of the manpower requirements esti-

mates by 1O4 into requirements by Aptitude Clusters. In this

demonstration of the methodology, only the ORG apprentice

enlisted personnel portien of the requirements estimate was

translated. (Apprentice personnel are defined to be those personnel

at pay grades E-4 and below, or, equivalently, personnel at skill

level 1.) Only ORG apprentice personnel requirements could be

mappes' into Aptitude Clusters. There are two reasons for this.

First, Aptitude Clusters, in their present stage of development,

apply only to apprentice enlisted personnel. Second, the trans-

lation of the estimates into Aptitude Clusters requires pay grade

or skill level information on those 140S groups for which esti-

mates are calculated. There is a lack of pay grade and skill 0e;'-

level data at DS and GS levels that would enable the calculation

of apprentice requirements by cluster.

The translation of thv EMREM estimates (broken out into AL

MOS groups) into Aptitude Clusters is performed in the following

two steps:

e determine the requirement for apprentice enlisted per- .
sonnel, and

111.-27



0 aggregate apprentice personnel requirements into Apti-

tude Clusters,*

a. Determine Apprentice Enlisted Personnel Requirements

None of the documents that provided input data for

the AH-64 demonstration of EMREM included pay grade or skill 6A-

level information. However, inspection of an Air Cavalry Squad- I'

ron TOE permitted deduction of the pay grade/skill level struc-

ture for ORG echelon maintenance and support. The TOE used for

this purpose was TOE number 17-95H, dated December 1971. That

TOE contains the personnel slots for ORG echelon maintenance and ..

support activities associated with the AH-IG (the only deployed

baseline system used in this study). This is a reasonable TOE to

i? use since it was developed prior to the DSARC Milestone I for the

AH-64.

The apprentice personnel requirements are extra-

polated from the EMREM ORG echelon estimates by,

"e summing the personnel slots in the TOE for each MOS
groupi

"" summing the personnel slots at pay grades E-4 and below
for each MOS group -- i.e., summing the apprentice
positionsa

"e calculating the ratio of apprentice slots to total num-
ber of slots for each MOS groupi and

"e multiplying the EMREM ORG personnol requirements (for $"-
each MUOS group) by these ratios and rounding where
necessary.

The results of applying these steps to the EMREM ORG level esti-

mates for both peacetime and wartime are summarized in Exhibit

111-12. As can be seen in thia exhibit it is clear that for both

the peacetime and wartime scenarios the majority of ORG level

111-28



.op• VRAC 9T IMI Low NIQN,, .;9

35 1 3 4

S690r 0 3 4 ::

.S.. *,*,

Gem 0 0 0

68J 0 0 2

ea1n o.o o,

OW/. AS 00

Estimate 6 i for 18 AN-64 helicopter*.

./oper'atr, perslonnel are exc~luded sineno t~hey are Wor'rant Of~ficers.

M3 OB 67R waA changsi to 67?Y ate~tr t~he U.-64 Concept: IxplorAt:ion "e ,

Phase.*"'*

- -- *i " •

I...,.-. &
," .4." y,..

Exhibit 111-12. AH-t64 ORG LEVEL APPR4eTICE

MAINeENA PEPONNEL. .

• . •;4,.. .U..,

:: .4.',,, .111-294
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enlisted personnel are not apprentices. The peacetime estimate

shows only three of the estimated 10 enlisted personnel being

apprenti'ces, while the wartime estimate shows the range being

between 9 and 12 apprentices out of a total of 41 to 54 enlisted

personnel.

., a• A similar approach for determining pay grade/skill

", •,.: level structure for maintenance personnel at the DS and GS eche-
Ions was not feasible because the TOEs containing the slots for

maintenance personnel at those echelons are such that identifisa-

tion of AH-IG dedicated personnel is not possible. That is, DS

and U;S maintenance personnel are deployed into units summarized

by TOES that make it difficult to determine the skill level of

MO• groups involved in maintenance of helicopters and no other
S~material. In addition# since this is an historic&I reconstruc-

tion, problems associated with data availability were also on-
.. countered Even if we had violated the pure DSARC I criteria by

- Uusing a J Series TOE, DS and GS personnel still could not be

"mppped into Aptitude Clusters. This is due to a change in the

organization of Army maintenance initiated about 1975. Since ."

then, Army aviation maintenance has been organized into AVI.M and

AVIM. The AVUM level incorporates the "old" URG level plus a

portion of the DS level, The AVIM level incorporates a portion

of the DS level and all of GS. Because of this arrangement, SING,

D9, and GS• maintenance personnel estimates could not be accurately

mapped into Aptitude Clusters. However, for a Concept Explora- ,.

L d tion Phase application of EMREM today, this maintenance reorgani- L
zation would not present a problem.

111-30
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b. Aggregate MOS Requirements into Aptitude Clusters

A review of the definitions of the Aptitude Clus-

tore developed in Phase I, Task 2 of this study is included in
Appendix A of this report.Y Where there were two rt more MOS

in a single cluster, the associated requirements were added to

obtain the cluster totals.

The ORG echelon MOS for the AH-64 are found in

two of the Aptitude Clusters, Technical and Mechanical Mainten-

ance. This tinal step in the conversion to Aptitude Clusters is

performed via a table look-up procedure. The final results of

this conversion to Aptitude Clusters for both peacetime and war-

time scenarios are summarized in Exhibits 111-13 and 111-14,

"respectively. I,,',

C. ANALY•I• OF THE AH-64 EMREM MANPOWER REQUIREMENTS ESTIMATES

As originally planned, part of this demonstration included a I,0,

comparison of the estimates developed for the AH-64 using EMREM .'

to comparable Army estimates. Examination of potentially com-

parable Army data has shown that no suitable estimate is cur-

rently available. Several Army estimates are usually appropriate

- for such a comparison, however, none of these are applicable in

the case of the AH-64 for the following reasons .

0 the AH-64 is not an Army Moderniration Information
Nis Memorandum (AMIM) system,

"2. The assignment of MOS to aptitude clusters is presented in the
MCR technical report TR-8217-2, Aptitude Content of the Non-
Prior Service Youth and Enlisted ApPrentice Populations,
Tn-7_7=, Management Consulting & Research, Inc", Falls Church,
Virginia, 22U41, 30 September 1983.

N,
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*Ms- CLUOTOR ENRUM BITIMATE 1 ' £LITIRfl TOT2AL
35 . ,;.I,

"Ili .eohnloal 0 1

sea4
*,.'-4'. *7R' 0

OSD Meohaniol NMaintenanee 1 2

6SF 0

5 ~0 M*S 6H 0

$/ O a 67R has been changed to 7Y since the AH-64 Conoept UIploration Phase.

% .

A E. ,

':; Exhibit 111-13. AH-64 ORG LEVEL PEACETIME APPRENTICE
• ,"MAINTENANCE PERSONNEL BY APTITUDE
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NRMIH USTIMAT--' CLUiTIR TOTAL

~2L S&ILWA E&i i

1, Techncal 0 3 4

053/MI

47R 3'/ 2
0"..

3AD 3 4

lit Mechanlcal Maintenanoe 0 0 6 1

ASH 0 0

/ latimate lnI for 18 AN-'4 helicopters.

M/ 405 S7R has been ohanged to *7Y mince the AH-64 Concept Exploration Phase.

I. I

Ex".t .1 A
I.,* ;..t

* ,.i~i ***

4.','..-

Exhibit 111-14. AH-64 ORG LEVEL WARTIME APPRENTICE -

MAINTENANCE PERSONNEL BY APTITUDE
CLUSTER

111-33 *
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- Quantitative and Qualitative Personnel Requirements
Information (QQPRI) contained only remove and replace,
not repair, maintenance data, #-A'

40 Sample Data Collection (SDC) is not applicable since
the AH-64 has not been fielded, and ,... ..

. contractor prepared data were not specified by mainten-
ance level.

For these reasons the EMREM estimates for the AH-64 cannot, at

this time, be compared to any available Army estimates .,.

In the next section, the development of the INREM estimate

for the UH-60A helicopter is described.

4 '.

.%* .5 •
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IV. EMREM APPLICATION: UH-6UA BLACK HAWK HELICUPTER

In this section we discuss application of EMXEM to the

Army's UH-60A Black Hawk helicopter, The UH-60A# which was

fielded in June 1979, is a twin-engine, four-bladed helicopter

designed to carry a crew of three and up to 11 combat-equipped '

troops. Eight troop seats are removable to allow room for four

stretchers or cargo. Up to 8000 pounds of cargo can be carried

on an external cargo hook. The primary missions of the UH-60A

include tactical troop movement, medical evacuation, and tactical

resupply. The UH-60A is designed to be capable of performing

Army missions in all intensities of conflict and in all expected

geographical environments. ,...g4

The structure of this section parallels that of Section III

and focuses on the two main parts in EMREMt the Hardware Charac-

terization and the Manpower Requirements Estimation.

A. HARDWARE CHARACTERIZATION

The Hardware Characterization is described below in terms of '

the three steps comprising this analysis: .4,,"4

1. Identify the Baseline Weapon System,
*4, ",,.

2, Determine Baseline Weapon bystem Changes, and

3. Develop New Weapon System Description. ... -..

1. Identify the aseline Weapon System .,,,

As described in the overview of the EMREM, the basailine

system(s) act as a source for the hardware characterization and .. ,.' "

IV-r -O.r
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analog manpower data tor the new system. The use of baseline

systems has been very similar in MCR's EMREM demonstrations on

the Ml Abrams Main 6attle Tank and AH-64 Helicopter. However, a

"slightly modified approach, also frequently necessary in very

early resource andlysis, has been used in the UH-60A analysis.

As noted in earlier discussions, EMREM is based largely

on the application of comparability analysis of the now system

hardware, performance and operational requirements to systems

already fielded. To some extent some version of this approach is

frequently at the foundation of the mission analysis which iden- id -

"tifeled the need for the new system. While this is the advocated

approach for formulating early manpower requirements estimates

for the new system, it in not the only approach, Another method

of developing estimates is to use detailed analyses of mainten-

ance workload generated for each subsystem* These analyses are

frequently developed by contractors as part of the early engi-

* neering design development. While such data are clearly not

representative of actual field maintenance experience, they are

sometimes the only data available, and are verý useful for

"exploring early estimates of manpower requirements. They can
provide useful projections of the manpower requirements the sys- "'"',

tem would need it the engineering estimates are valid, and can

"still be used as an approach for considering potential system

requirements. Program managers frequently use some type of

similar analysis, performed using comparability analysis, to

develop these estimates. The major difference may lie more in

All "IV-2
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the assumptions, data and calculation approach used in developing

the engineering estimates, as apposed to adapting actual system

data.

In the UH-60A 3MR8.M analysis# the availability of use-

ful baseline data provided a significeant block to developing an

estimate based on comparability analysis. Baseline systems are

selected based on their relationship to the new system's DOARC 1

milestone dae,. It is desirable for the baseline system to have

been fielded before the new system's DSARC I milestones As J

indicated in Exhibit IV-It this was achieved only for the UH-lH

Iroquois multi-role utility and transport helicopter. While this

4. would have been a very suitable primary baseline system, the lack

J., of a sufficiently detailed historical data bass is significants
A"ý

as illustrated in Exhibit 11-3. The only data for this system

that are still available is information in an earlier version of

AR 57U-2 (Change 3)p part of which includes U14-lH MACRIT data.

These data are not sufficiently detailed to provide subsystem-oss

specific maintenance manhour or manpower information. The same

held true for original task force reports, which are usually

insufficient as primary sources of EMREM input informatio~n. The

TOE is also used for only certain portions of the analysis,

relating to conversions of manhours to personnel and allocation

* of personnel to Aptitude Clusters.

In lieu of conventionally acceptable data, alternative

sources for pro-DbARC I UH-60A data wero sought. based on the"i

Utility Tactical Transport Aircraft System (UTTAS) study#

IV-3 1~
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Sikorsky and Boeing-Vertol developed prototypes, the YUH-60A and

p •¥YUH-61A, respectively. The Sikorsky version (YUH-60A) was

selected. That system became the UH-60A Black Hawk. G4ven the

• •.*; lack of historical baseline Army data, MCR chose to use as an

alternative, engineering data developed by Sikorsky for the

YUH-6UA prototype. This system would bear a very close approxi-

mation to the mission need statement since it was designed,

obviously, to be very closely related. The UH-lH was used as the ,

secondary baseline for specific functions not represented in

the Sikorsky analysis.

2. Determine Baseline Weapon System Chanute

The second step in the hardware characterization is the

isolation of the characteristics of the baseline system that are

not similar to those related characteristics in the now system.

Using the helicopter WBS developed for this analysis eight of the

*: "-, 10 subsystems were considered appropriate for use in analyzing

. vthe UH-60A pr-DARC I requirements. Two of the subsystem., the

fire control and armament, were not appropriate for use on the

UH-60A since it was not originally planned to carry weapons. (it

in currently being modified to carry HELLFIRE missiles, like the

-" AH-64.)

.*'*.,, £n addition to the eight subsystems, analysis indicated

that an additional maintenance function, technical inspection,

S""neded to be separately represented. This was because this func-

tion was not estimated by Sikorsky. The technical inspection

function is not system specific and is not assigned to any of the

*V '¶
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subsystems. The Sikorsky design subsystems were arrayed to con-

P• ! form to the eight generic subsystems.

3. Develop New Weapon Szstem Description **'.

This stop serves to refine the hardware characteriza-

tion of the new system. In this case the mission need engineer-

ing statement for the UN-60A was reviewed in detail with hardware

and performance data for the Sikorsky YUH-60A and supplementary ',

information from the UH-lH. The eight subsystems used to

, , describe the UH-60A hardware characterization are listed in

Exhibit IV-2,

I,•,be UH-60A EMREM MANPOWER RE2QUIREMENTS EGST11ATION

coding section, manpower requirements emtimatos have boon devel-

oped for the UH-60A, The organizational structure used for this
lii~ vpurpose is a Combat Support Aviation Company (CSAC), Operator

',,' '!,"

.1 Ipersonnel (pilot, co-pilo and crewchof/gunner) are excluded

from this analysis because those positions are filled by warrant

"officers, and, in this application of ,MRSM, we are only con-

corned with enlisted personnel requirements. The requirements

•. •.. estimation process is discussed below in three parts.

•4 ,1. Identify and Collect Data,

" , 2. Develop Manpower Requirements Estimates, and

"3. Translate Requirements Into Aptitude Clusters.

i '., 2
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"•' ~SUBSYSTEM BASEL INE .........

, •" Atrf ram*/Landino Gear YUH- $OA •

'• ~Rotor Group./Transmirsii n YUl-S0A -

, Power.Pl..t/Auxili.ry Power Plant YuH-0^ A ~ ~

lii

Hydraulics/Utilities YUH-60A

Electrical System YUH-60A

Flight Controls YUH-60A

Instruments YUH-60A

Avionics~ YUH-60A

Fire Control/Automatic Test Y¥'- OA
Equipment

Armament YUH-60A

!/The 2.H-1rG is not shown since it represents the
Technical. Inspection Function

"Exhibit IV-2. FINAL BASELINE SUBSYSTEM SELECTION: UH-60A

IV-7
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I. Identify and Collect Data

As in the analysis performed for the AH-64, the availa-

bility of applicable manpower requirements data affectid this

analysis. As noted earlier, an original intention of this study

was to develop manpower requirements estimates for each phase inS.,.A

a systems life cycle. The general lack of availability of his-

torical data to support this type of analysis did not make such

analysis possible, although data currently under development

should be able to do so in the future. Thus, in this demonstra- C'

tion of BMREM, we were only able to generate an estimate of

steady state maintenance manpower requirements for the Ult-60A.

The data used for the UH-60A came from two sources, as

noted in Exhibit IV-3. The primary source of data was the'

Sikorsky YUH-60A Maintain#bility Prediction Report, Data on the

UH-lI technical inspection function came from Change 3 of AR 570-2.

From each of these sources, subsystem-specific maintenanco man-

=" hours per flying hour were calculated and used as EMREM input

data. To calculate the manpower requiremer.ts estimates, EMPEM

"also utilizes the size of the organizational unit and usage

rates. In this analysis, we estimated the below depot level 0

' maintenance manpower requirements to support 15 black Hawks in a
i ''* 4-,

Combat Support Aviation Company (CSAC).

2. Develop Manpower ReQuirements Estimates -

The manpower requirements estimates for the UH-60A, are

calculated in the same six-step process as that used to develop

b. the AH-64 estimates: .

'"* I -8. '. ... . .



I1,

6UB VOT1M BASELINE iYSTi, MNPOWER DOCURMNT u81.-

Airframe/Landing lear YUH-60A Sikorlky VUH-60A Aircraft Main-
ta14nabL ity Prediction Rep.

Rot'or Oroup/TransmJsioo YUH-6OA W W ,

Power Plant/Auxiliary Power Plant ¥UH-G0A -

HydrauliOs/Utilities YUH-COA

Electrical system YUH-"0A N U U U 'a,'",

Flight Controls YUH-60A N U U U

Instlruments YUN-SOA U U U U

Avionics YUH-60A U U N N

Pire Control/Automatic Test YUH-60A U U N Uc~uipment

Armament YVUH-60JA U U H *,

Ma/ Mnpower deta for the technical inspectors was obtained from change 3 of A O570-2.

* a.....1

*-a,.: ,.

Exhibit IV-3. FIb1 AL BASELINE SUBSYSTEM SELECTION AND
SOURCE OF MANPOWER DATA: UH-60A -

IV- 9
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0 relate the bareline subsystems developed in the hard-
ware characterization to their associated maintenance
MOs,

0 determioe the organizational unit size,

0 determine the applicabie peacetime and wartime usage k.- trates# ,•~

e calculate maintenance manpower requirements and allo-
cat*.t appropriate maintenance echeionItop rsne

0i • convert maintenance manhour requirements to personnel
requirements, and

0 display .manpower requirements estimates for peacetime
and wertime sconarios.

Each of these steps in the UH-60A application is discussed below.

a. Relate the Baseline Subsystems to Associated
Maintenarce N Be

As discussed in the analysis of the AH-64, the

manpower requirements developed using EMREM must be grouped

according to skills. The approach that was taken throughout this

analysis was to relate hardware characteristics (and functions)

"to MOSe The relationship between hardware and MOS assignment for

the UH-60A is shown in Exhibit IV-4. For those MOB which are not

explicity vubsyste,-'specific, such as Utility Helicopter Repairer
'-." ...

(who in the senior pay grades may act as technical inspectors),

the relevant MOS was deduced from ARl 611-201. In instances where

a single MOS serves multiple subsystems, the individual require- *. .. ,

ments for the wO$ for each subsystem were calculated and added I'..

together. ..

b. De)termine UH-6UA Organizational Unit izoe

Si.nce the UH-60A Concepv, Exploration Phase# the

H-Series TOE has beon replaced by the current 3-Series TOE,
S,.. A...,.

Ae%..,

IVl1U
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1T ,•RELATED ,
NO$ OCCUPATION T HARDWARD CHARACTBRIZTIZC 'S./

353, •Avionic Mechanic" flight controls/Znstrumentm/Avionics [ .

6T'/ Utility Helicopter Repairer Various suboystoms/Inspeotion.

GIB Aircraft Power Plant Repairer Power Plant/Auxiliary Power Unit

CID Aircraft Power Traih Repairer Rotor Oroup/Transmiis•on

6SF Aircraft Electrician Electrical System

GIo Aircraft Itructual Repairer Airframe/Landing Gear

6O1 Aircraft Pneudraulics Repairer Hydraulics/Utilities

16/ No05 codes and tit~lee taken fromi ARGlI-201.

.1/ This is a generic term referring to all the relevant mvionic maintenance required on

1/ This 14NO is transitory replacing the 67N since the UK-GOA Concept Exploration Phase.

'II 0

Exhibit~~~~~ .V4 REAIOSI OF.? M O ADWR

IV-11

I,.

in; 44.4. 4.'"%•

Exhi~bit IV-4. RELATXONSHIP OF MOB TO HARDWAR~E...
CHAL•CTERISrrICs : UH-60A""'
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resulting in a decrease in the number of helicopters per company

from 23 to 15. This is a doctrinal change that could not have

been predicted during the UH-60A's Concept Exploration Phase.

.* ',% Although this violates the intention of developing a "pure"

Concept Exploration Phase estimate, the current size of the

organization unit, the 15 helicopter company for the UH-60A, was

"used in all three of the EMREM analyses to date as the organisa-

tional unit for the manpower requirements estimates. Had the 23

,'- helicopter company been used for the UH-60A, the manhour esti-

mates would have been significantly increased.

4 Determine Applicable Peacotitme and Wartime Usage

For this application of EMREM two sets of usage

rates, one reflecting a peacetime scenario, the other wartime,

were used. The peacetime usage rate of 300 FH/Yr is based on

information contained in the Army Modernization Information

*,i L: Memorandum (AMIM) and confirmed by the Department of the Army.

It reflects the anticipated peacetime operating tempo. The war-

time usage rate of 828 FH/Yr is based on information contained in

the mission need statement. The wartime usage rate reflects the

-• estimated operating tempo of a combat environment. In the sub-

sections that follow the EMREM estimates are based on these two

usage rates, :

d. Calculate Manpower Requirements by Maintenance
"Leve 1l

Here, the manpower data is arrayed into the appro-

71 "priate maintenance echelon. The doctrinal change from URG, US

r

... -.. .
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and GS maintenance echelons to AVUM and AVIM could not have been

anticipated during the UH-60A'S Concept Exploration Phase# so the

former arrangement has been used in this analyses. .I ......•

Tho UH-60A maintenance manhour requirements for

each maintenance echelon, ORG, DB, and GS are calculated using

Ithe maintenance manhour data for each of the subsystems or func- 1
tions, as extracted from the Sikorsky data or AR 570-2, by MON.

The Sikorsky analysis included data for each maintenance echelon.

The resulting estimates are shown in Exhibits IV-5 to IV-?. The

estimates are presented by MOS for both peacetime and wartime K~V:

scenarios. The baseline system selected is also indicated. The

total of the annual maintenance manhours across MOB provides an 0, ,i

overall pictur'e of the maintenance intensity associated with each "'

maintenance echelon. The maintenance manhours associated with

MOB 67T include inspections done by senior personnel (i.e., tech-

nical inspectors).

Under a wartime scenario, the majority of the

maintenance is performed at the ORG level. This enables a mini-

mization of down time and a maximization of materiel readiness in

a combat environment. At each maintenance echelon, the wartime

maintenance manhours for the UH-6UA are estimated to be approxi-

mately three times the manhours required during peacetime. .,.m,,*

Exhibit IV-8 illustrates, by MOS, the combined annual maintenance

manhours required at ORG, DS and GS echelons.

In the next subsection we describe the conversion

from maintenance manhour requirements to the number of personnel •%

required. .'. "

:I ,.-V 1• .. ,. . .. ,.... .,. .. ... .. .. • .. ,. .. .. ., ., ... .. ,_. .. _. ,. ,.., . ., . .. ,.. .,.•,. ,..- .•., ,,,.:.:...,-,.,.•..,.:..



3MRSH~.4 RvIASI

P&%.L_ WA%, *tBILN

Hos~6~ 1 YSEM

355610 UI0
67TI/~4.* 10402614*H,

66m 79 147 YH-60

6d11Z $06tA~ 139 YU___-__0A

3 hi estmat is9 gar60 1.* UHG hlcote&

ThsMBistastryrpain h 7 Sinc t047 Y UHEI A 2Znep

Exhibit V506 37UH-60A OGLVLANA ANEAC

-V 1

MEN'4



h':... , "' . ,

EMRZP EUT1HATT A/ ___"____ j/.,

PEACETIMEWARTIME BASELINE
MOS ".." u AT UISTEM

25 129 257 YUI4-60A
7T/57 17959 UH-1,

tab 329 9o0 YUH-60A

SOD 179 494 YUH-6'0.k

GOP 75 208 YUH-6oA 1..,.

too 152 419 YUH-EOA

611 71 195 YUH-60A

TOTk, 7442 - 20540 ,.

Estimate ~m is tL or. 25 UH-60A helicopter...•

• , , . .''-;;, • .r,. *;'.

aiThis 105 is transitory replacing the 67N since the UH-60A, Concept
Exploration Phase.

Exhibit IV-6• UH-60A DS LEVEL ANNUAL MAINTENANCE
MANHOUR ESTIMATE

IV-15
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MR1 ITMT iI/ nnmI

mooS I'lfi" MH mau ,SYSTEM

',,39 3424 9457 YUH-G0A

6 7 Tl7 3634 10035 UH-lH

. • 68B 217 599 YUH-60A

SO' •D 1155 31e'l YUH-50A

;,566F 11 31 YUH-60A

,r,: w •680 11,12 419) YUH,,60A

S66H 150 415 YUH"-G0A

-!
•, TOTAL. 6747 214143. .

•: •/ UtLmat* to for 15 UH-GOA heXlioptee's.

p[,•

• •/ ~This MOS in trasimtory ropiaring the 67N dines the UH-GOA Concept.'
.. Explorition Phase,

Exhibit IV-?. UH-60A GS LEVEL ANNUAL MWINTENANCE
__-'___MANHOUR ESTIMATE

' . "rIV- 16
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9t1 ....

EMNREM ZiTZMATZ 1/ ;,..,

-li IYSTZ T

214061 11211 YUH-604..

6T/20563 54606 UH-IH

665 925 2554 YUH-00A

GSD 2472 6623 YUli-60A I *9

68F 361 1054 YUH-60A ,,

680 1453 4562 YUH-60A

661HN 77 2007 YUH-60A

TOTAL 30302 65019 -. 9,9.'
• ," ,......9...

p 1 / E IEst im at e is fo r 15 UH-60A helicopter ,.

.j/ This MOB Is transitory replacing the 67N since the UH-60A Concept
IUxplorat ion Pha e ,-.

.•i 
.. , .

Exhibit IV-8. UH-60A TOTAL ANNUAL ORG, DS AND GS, LEVEL
14AINTENANCE MANHOUR ESTIMATE

IVL17
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e. Convert Manhours '.o Personnel

The conversion of manhours to numbers of personnel

in accomplished hy dividing annual manho"r requirements by aver-

age available productive manhour (AAPMH) factors, such as those

described in AR 570-2. Those factors reflect the estimated number

of hours per year available for productive work by individuals

engaged in particular levels of maintenance.

. For peacetime ORG, US and G8 echelon maintenance

and support personnel requirements calculations, the AR 570-2 TOE,.

Categories I, It and III with 2500, 2700 and 3100 AAPMH, respec-

tively, were used. For wartime ORG, DS and GS maintenance per-

sonnel calculations, the same TOE categories plus and minus 10

percent were used. This was done to reflect the various operat-

ing tempos in a combat environment and their effect on manpower.

While the quotient of the manhour requirements and

the AAPMH factor need not be a whole number, the personnel

authorizations for an organizational unit must be expressed in

terms of whole people. Therefore, these quotients must be

rounded. The same rules used in the AH-64 analysis for rounding

"" of personnel have been used in the UH-6UA analysis.

f. Display Manpower Requirements Estimates for Peace-
•1m6 ana wartime conari .. "

,:.. Exhibit IV-9 sum~arizes the peacetime personnel,

requirements at ORG, DS and GS echelons. Only one number for ,

'4personnel is shown because only one AAPMH factor was chosen. As

indicated by Exhibit IV-9, some maintenance functions such as

those performed by 67T, 68D, 68F, 68G and 68H are centralized at

IV-18
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• 4q,4 . S.
L * ' 4"'" •4A,"

w.h•

UNP.ZM 3UTZZ4AT& j/_____

IOKe b 703 BJi - ASELINE

of 27'00 _YSTEM

35 1 0 2 YUH-60A

67Th' 4 2 2 U:-1H

Gel1 0 YUH-60A

S. .. . . ii

68D 1 0 1 VUH-60A >

n , 4.,, .

6S6 1 0 0 YUH-60A

680 1 0 0 YUH-6OA

GIH 1 0 0 YUH-40A 0 4

stimate is for 15 UH-0A heliopter*. -

Moo -7T transitory repl-cing 67N after the UH-60A Conept Explortory Phase.i

........ . ...
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the ORG level. Other maintenance functions, such as those per-

formed by MO. 35 are deferred to the GS level.

Exhibit IV-lU summarizes the wartime pertsonnel

requirements at ORG, DS and GS. For wartime, based on the varia- I'.

tion in the AAPMH factor, a range of personnel is generated. As

with the AH-64 MOS 67T performing technical inspections, con-

tinues to have the largest allocation of personnel.

The final step in this analysis is the translation

of these personnel estimates into requirements by Aptitude

Clusters.

3. Translate Manpower Requirements to Aptitude Clusters

The final step in the development of the EMREM esti-

mates involves the translation of the manpower requirements esti-

"- imates by MOS into requirements by Aptitude Clusters. in this

demonstration of the methodology, a subset of the total steady-

state manpower requirements estimates was translated. This sub-

L set consists of ORG apprentice enlisted personnel, defined to b-,

personnel at pay grades E-4 and below or at skill level 1. Only

ORG apprentice personnel requirements could be mapped into

Aptitude Clusters. The reasons are the same as those specified

in the AH-64 analysis, namely the lack of sufficient DS and GS

pay grade data for weapon system-specific manpower.

The translation of Lhe EMREM estimates into Aptitude

Clusters is performed by:

, determining t~e requirement for apprentice enlisted
personnel, and

S\ (=i
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ENRIM EIRIONNFL REOUIRIMENTrJIFTIAldýf_

LOW HIGH LOW HIGH LOW HIGH

,...J.

2250 2750l 2430 2#70 2790.IQ3 BASELINE

351 1 1 1 3 4 YUH-GOA

67T'/ 20 12 6 7 3 4 UH-lH

6611 1 1 1 1 I VUH-60A

GOD 2 2 1 1 1 2 YUH-60A

63! I 1 0 0 0 0 YUH-60A

60G 2 2 1 1 1 1 YUH-60A

.... .w . . a.

61H 1 1 0 0 1 1 YUH-60A

* j/ Estimate is for 11 UN-BOA helicopters.

1/MOB B7T is tranaitory replacing 67H after the UN-6OA Concept Exploration Phase.

Exhibit IV4-1. UH-60A ORG, DS AND GS LEVEL WARTIME
PERSONNEL REQUIREMENTS

IV-2 1
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0 aggregating requirements for apprentice personnel into

Aptitude Clusters.

a. Determine Apprentice Enlisted Personnel Requirements

None of the documents that provided inpiut data for

the UH-60A demonstration of EMREM included pay grade or skill

level information. However, this information could be ascer-

tained for ORG maintenance personnel by examining an Assault ,-..,

Helicopter Company TOE. Thum, for the same reasons as for the

AH-64, only requirements for UH.-6UA ORG-level apprentices could

,' be aggregated to requirements by Aptitude Cluster. The TOE used

for this purpose was TOE number 7-258H dated December 1971. That

r• TOE contains personnel slots for ORG maintenance personnel asso-

ciated with the UH-lH. This is a reasonable TOE to use since it

was promulgated before DSARC I for the UH-60A, and, based on

information in the UH-60A mission need statement, the types of

maintenance personnel required for the UH-IH and the UH-60A

should be similar.

* The results of applying the same steps as used for the

AH-64 to the UH-60A EMREM ORG level peacetime and wartime esti-

mates are summarized in Exhibit IV-ll.

b. Aggregate MOS Requirements to Aptitude Clusters

The final step in the translation of our estimates

,'" into Aptitude Clusters involves the mapping of the UH-60A MOS

into Aptitude Clusters. The definitions of the Aptitude Clusters ..

- developed in this study are included in Appendix A of this

* report. Where there were two or more MUS in a single cluster we

have added the associated requirements for the cluster totals. L

IV-22
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ZMREM PERSONNEL REQUIREMENT ESTrIMATtEL'

WARTI ME
Nos!/ PEACETIM LOW HE

6 0 1 1 1

66D 1 2 2 """

GIF 000-"-•i.

6GH 1 1 1

1/ Estimate is for 15 UH-60A helicopters.

j/ Operator permonnel are excluded since they are Warrant Officerm.

/ MOB 67T is a transitory one, which replaced 67N after the UH-60A
Concept Exploration Phase.

Exhibit IV-11. UH-60A ORG LEVEL APPRENTICE MAINTENANCE
PERSONNEL REQUIREMENTS

iv-23
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The CRG level MOS for the UH-60A are found in two of the Aptitude

Clusters, Technical and Mechanical Maintenance. This final step

in the conversion to Aptitude Clusters is based on a prjeviously

developed table relating MOS to Aptitude Clusters. The results

of this conversion for both peacetime and wartime scenarios are

summarized in Exhibits IV-12 and IV-13, respectively.

C. ANALYSIS OF UH-60A EMREM MANPOWER ESTIMATES

As with the AH-64, it was originally intended that the

estimates developed for the UH-60A using the EMREM would be

compared to official Army estimates. Of the possible sources,

the only detailed data currently available are from the AMIM.

However, given the unusual nature of the estimate ultimately

developed for the UH-60A, it was decided that any comparison

to Army estimates might be misleading. For this reason no corn-

parison has been made for the UH-60A.

In the next section the technological impacts considered in

this analysis are summarized.

IV-, --44
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11

MOB, CL~USTER ENREM ESTIMATE" CL.USTR TOTAL ,".?

35 Technical I I'+-".

6 7 T/ I

663 1

66D Mechanical Maintenance 1 4

68F 0

66G 0

689 1

1/ Estimate is for 15 UH-60A helicopters,

1/ MOB 67T is transitory replacing 67N since the UH-60A Concept
Exploration Phase.-',..

, *'. ..

* . . •

Exhibit IV-12. UH-60A ORG LEVEL PEACETIME APPRENTICE MAINTENANCE
PERSONNEL BY APTITUDE CLUSTER
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C.,EM ETIMATE1' CLUSTER TOTAL

35 Technical I I I .... ,,

GBD Mechanical maintenance a 2 7 7

6Fr 0 0

ssiH 1 1
Go,

1/ Estimate is for 15 UH-GOA helicopter*.

2/ MOS 67T is transitory replacing 67N since the UH-GOA Concept Exploration Phase.

S09

Exhibit IV-13. UH-60A ORG LEVEL WARTIME APPRENTICE MAINTENANCE
PBRSONNEL BY APTITUDE CLUSTER

L ~IV- 26
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V. SUMMARY AND CONCLUSIONS

This section includes a summary and comparison of the

results of MCR's application of EMREM to the AH-64 and UH-60A

helicopters. Also included is a summary of MCR's experience in

using the EMREM to develop estimates of manpower requirements for

the helicopters and conclusions we have drawn from this research.

Many of the conclusions drawn here support observations and

conclusions from our earlier application of EMREM to the Ml

Abrams Main Battle Tank.

A. COMPARISON OF AN-64 AND UH-60A EMREM ESTIMATES

The major goal of this task was to demonstrate if uutfic-

iently detailed estimates of manpower requirements could be

doveloped using the EMREM approach to examine potential manpower

impacts of technology. Two relatable systems were selected for

this demonstrationt the AH-64, representing the high technology

system, and the UH-60A representing the low technology system.

As discussed in the respective analyses for these systems, com-

monality between the two systems was encouraged, particularly in

the selection of the vehicle power plant. Thus, it is possible

that differences in technology may have been minimized between

these two systems,

Exhibit V-1 shows the relationship of the hardware charac-

* teriatics to the related MOS and occupation. This illustrates

that the same NOS, with few exceptions, are used in both systems.

V-1



I, I

44 -4

4j .AO, w 4

C ,j

. 'ji A 6 b 6 1 -

V- 2 '

10 -. t



I'"

* The two differences are the MOS system designator for the hell-

copter repairer, which is 67R for attack helicopters and 67T for

utility helicopters, and the presence of armament-relatbd MOS on

, "the AH-64 that are not now required on the UH-60A.

Exhibit V-2 compares the peacetime and wartime personnel

requirements for the two helicopters, Included in this exhibit

are notations on the reasons for significant differences between

the two systems, in terms of the organizational units in which

. they will be deployed. The impact of deploying these systems

together can not be gauged from this aiialysis, although it is

possible that some of the same manpower could work on both of 1-I

"the systems.

As can be seen in this table, the AH-64 is expected to have

significantly higher personnel requirements than the UH-60A,

"' primarily due to the advanced avionics and electronics system.,;.I,:.
'SS

". *,., and the presence of the HELLFIRE missile. Current plans to

* •modify the UH-60A to carry similar armament could, conceivably,

produce increases in selected manpower requirements.

"B. SUMMARY

The purpose of this analysis was to further demonstrate the

utility of EMREM as a means of establishing manpower estimates

S..for major weapon systems prior to DSARC Milestone 1. In an

10"earlier report,- MC documented the application of EMREM on the

10/ TP-8217-3, Demonstration of the Early-On Manpower Requirements

Estimation Methodolopy: MI Abrams Main Batt le TanK, Management
, Consulting & Research, Inc., 30 september- 1983.
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Ml Abrams Main Battle Tank. The current application provides

further verification that manpower requirements estimates for

major systems can be developed, in the case of the Army; well

before DSARC Milestone Il, the point at which these estimates are :,,,

normally developed, How much earlier depends on a number of con-

siderations. Since the basis of the EMREM estimation technique

is comparability analysis, the principal determinant of when the

methodology can be applied is the availability of data on what we

have termed the baseline subsystems. Based on our applications .5..

of the methodology, we have found that: ,...

0 the amount of detail available for early weapon system
manpower estimates varies significantly from program to
program ,

0 the development of estimates of peacetime and wartime
manpower requirements varies from program to programi

0 the ability to perform comrarability analysis de ends
on identification of baseline hardware characterlstics

and manpower data that are related to the evolution of
the new system designi

e subsystem-level data are sufficient for making early
estimates, but information on more specific performance
characteristics is useful for comparative purposesi and

0 the same general categories of data sources are useful,
regardless of the system being analyzed, however the
quantity and quality of program-specific data vary
significantly.

Based on this experience, a preliminary list of minimum data

requirements has been developrtd. In order to make early esti-

mates of manpower requirements for the new system being devel-

oped, the analyst needs,

0 a description of the required performance characteris-
tics, if possible, by subsystem,

5..
V..- 5::-•. ,.•.

S..:°% ..... ,°,,.0.. .... , ........ ,..,,.,,,,,. ,.% * *** ...,-
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e planned usage rates, preferably for both wartime and
peacetime operating scenarios,

0 the type and size of the organizational unit in which 14

the system will be deployed, %

0 the planned size of the crew or intended number of
"operators per system, and.

. the concept of operations and maintenance (wartime and
ar n peacdtime separately, if they will be different).

" In addition to these data on the new system, specific data

are also required on the baseline system or system,, including.

... • reliability and maintainability parameters and values 4%
for each baseline subsystem, p•.

,. •~ system and subsystem (wartime and peacetime) usage rates,'..,

S the ntmanower by occupational type and skill-
.levelrequti~red fby the system# within the organizational
unit in which it is deployed,

0 the (wartime and peacetime) concept of operations and
maintenance, and

e any system-peculiar maintenance characteristics of the

fielded system.

While these are minimum data required to effectively esti-

mate weapon system manpower requirements early-on, it is impor-

tant to keep in mind that additional data are always desirable.

" Therefore, development of data bases such as those described in

MIL-STD-1388-lA will almost certainly increase the effectiveness

of the estimate development.
*1 *.

. "As noted in the discussion of the data availability, dis-

tinctions must be made among data currently generated by the Army ..
•D* .. '.*

in the Concept Exploration Phase, data developed in the AH-64 and

UH-60A Concept Exploration Phases, and data now obtainable from

the earlier period. The incompleteness of the historical file of

e* o*i. -,

S..' V-6
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Concept Exploration Phase data severely influenced MCR's develop-

ment of a "pure" pro-Milestone I estimate for the two helicop- .

ters. However, documents available at that time would have

allowed the development of such an estimate. Since that time, %". .

the Army has instituted the development of now data systems such

an the AMIM and Sample Data Collection which will facilitate much

more effective estimating for future systems. In addition,

programs are underway to significantly improve the Army's early

weapon system manpower requirements estimating. For these

reasons we believe that early estimates can be developed using

existing documentation.

However, the current ability to produce a comprehensive '%

array of life cycle manpower estimates is somewhat impaired in

the current documentation process. This is largely due to the

lack of sufficiently detailed longitudinal data on subsystems,

and that limits the ability to effectively interpret the stage in *1.

the system life cycle represented by the data. Because the com-

parability analysis requires utilization of historical data on

baseline systems, this strongly influences the development of

life cycle estimates. Implementation of the MIL-STD-1388-1A

requirements for development of system life cycle estimates will

greatly enhance the Services' capability to produce similar man-

power estimates.

Finally, concerning the question of the level of detail

sufficient to generate a reasonable estimate, these demonstra-

tionc chow that major subsystem data are sufficient. While S

detailed data on components are useful for distinguishing similar

V-7
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"subsystems from one another, alternative technical data sources

- " were found to be sufficient. Also, in the very early stages of a

system design, the only data available may be at the level of

major subsystems, and these may frequently be tentative.

C. CONCLUSIONS

-. ' -. The following are MCR's conclusions regarding the develop-

66 ;"ment and demonstration of the Early-On Manpower Requirements

Estimation Methodology (EMREM).

, EMREM is an effective method for examining the manpower
implications of different technologies early in the
system design process.

, .The ENREM approach developed in this study is consis-

tent with the comparability analysis outlined in
MIL-STD-1388-lA. The types of data required for EMREM
are similar to those developed in the LSA with the
following exceptionsa

. - .EMREM requires generally less detailed data on

"subsystems.

-,EMREM analysis is intended to be performed in a
particular phase of the system acquisition, gener-
ally earlier than the LSA manpower requirements
analysis is to be performed.

.".MCR believes that it is desirable to perform this
analysis as early as possible in the acquisition

-4 process, since the information produced can con-
tribute to the development of a more supportable
system. Particular analytical requirements of LSA
can be effectively supported by the results of
this analysis.
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This study has involved the development of methodologies for

estimating the long-term supply of manpower and the demand for

military enlisted manpower* In order to ultimately relate the

projected manpower supply to the projected manpower demand, a

mechanism for translating these estimates into common terms was k ,..,.

* necessary. This mechanism is the Aptitude Cluster. The Aptitude

Cluster is intended, at an aggregate level, to represent those

characteristics and capabilities identified as "necessary" for

the performance of particular military joba, by each of the

* Services, It reflects the common relationships (i.e., similarity

of aptitude requirenients based on combinations of subtests) of

aptitude composites among the Services. As such, the Aptitude

Cluster, as opposed to the aptitudeocomposite, is non-Service*..

specific. The cluster represents the common characteristics

shared by several composites.

Given the ability to relate Services' aptitude composites to *. V .

each other and to represent them at a more aggregate level, it is

possible to translate weapon system-specific manpower require-

ments to the related Aptitude Cluster. In this translation, the

distinctions which are made at the Service level among occupa-

tions are blurred, so that those occupations which use the same

"types" of people are collectively represented as a single "type"

of requirement. Conceivably, within the Services as wall as

among the Services, competition occurs for "types" of people to

support specific occupational requirements.

A 1
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The Aptitude Clusters can also be applied to the manpower

supply projections as a mechanism for tailoring, or character-

izing, the projected population. This is necessary in order to

add another dimension to the population, the distribution of

those capabilities which the population may have and which the

Services need in their apprentices. In this use, the Aptitude

Clusters are used in conjunction with historic ASVAB scoring data

to show the overall distribution of aptitudes in the projected

population.

Given the aggregate nature of the Aptitude Clusters, it was

necessary to identify the characteristics common among the

Services' composites. The distribution and variety of subtest

"combinations clearly indicated that the subtest level of detail

was not a functional level at which to identify common character-

istice. Initial examination and review for discussion of the ,

content of the subtests indicated that it was possible to arou

the subtests. This grouping is based on the similarity of the

knowledge groups the subtests are addressing. There are two .

"studies which have statistically analyzed these relationshiph.

Four groups of subtests were used:

' Math, composed of Arithmetic Reasoning (AR) and Math
Knowledge (MK) ;

". • Speed, composed of Numerical Operations (NO) and Coding
5Speed lS)i 5 . :

Dr. Darrell Sock of the University of Chicago has studied these
. relationshLps using the 1980 "Profile of American Youth" data.

L' The Army Research Institute analysis is documented in "Factor
Structure of the Armed Services Vocational Aptitude Battery

, (ASVAB), Forms 8, 9 and 10: 19P1 Army Applicant Sample."

*A 2
b' S11 *.-

.I/Ai- .1



Verbal, composed of Paragraph Comprehension (PC), Word

Knowledge (WK), and General Science (GS)i and

0 Technical, composed of Electronic Information (31),

Mechanical Comprehension (MC), and Automotive -Shop (AS).

The relationships identified in the Profile of American Youth

data were selected since they are based on the same data base used

in developing NCR's manpower supply projections. The Services'

aptitude composite/subtest combinations were arrayed according .,

to these subtest groupings and are shown in Exhibit A-1.

As noted earlier, all four Services have three composites :,

which are structurally composed of the same sot of subtests and....

are, therefore, com•on to all. These are the General, Adminis-

trative/Clerical and Electronics composites. Using the subtest

grouping approach, it can be seen, however# that there are addi- "*

tional cases of common characteristics. Since the subtests are

grouped, these common relationships are based on the combination ""

of subtests in a group. Therefore, although one composite may

use one subtost in a group, and another composite may not use the

first subtest but does use another subtest in the same group, the

two composites are considered related, Based on this analysis of

subtest selections by group, all of the composites have been __

related to each other and assigned to a cluster.

As discussed earlier, some analytical judgement has been

used in defining and assigning the Navy composites. Analysis at

the subtest level assigned a number of very skilled electronics

A- 3
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occupations to the Navy Skilled Technical and Electronics com-

posites, although structurally they were not quite compatible*

Analysis according to subtest groups allowed for the splitting

out of these occupations into a separate composite, called here

General (Electronics).

"In addition to combinations of subtests, aptitude composites

are also defined by the minimum combined scores required to

qualify for occupations (i.e., training) in the composite. Within

the composite, individual occupations are assigned minimum

required scores, In order to determine the proportion of the

population qualifying in each aptitude composite, it was neces-

nary to select criteria for this qualification. A minimum com-

bined score was identified for each aptitude composite based on

analysis of the occupation qualification scores used by each

Service. (The list of apprentice occupations in each Service by

Aptitude Cluster and minimum score is included in the MCR Report

Aptitude Content of the Non-Prior Service Youth and Enlisted

"Apprentice Populations: 1982-2010, TR-8217-2, Appendix C.) In

* those cases where large differences exist in the minimum combined

score requirements for groups of occupations in a composite, the ý7

composite was restructured for this analysis to reflect this. Thus,

the Navy/General (Basic) and Navy/General (Electronics) compos-

ites belong to the same cluster, based on the analysis of their

*.. subtest requirements. However they are different composites, not *.

only due to differences in subset combinations, but also due to

the large differences in the score requirements. A single mini-

mum combined score was determined, based on analysis of the

S-_A-5



overall bottom end of the score range, for each service composite

in each cluster. These are shown in Exhibit A-2. These combina-

tions of subtests and scores, expressed as individual composites

and as cluster qualification scores, were used as the basis for

refining the population projections of the non-prior service

youth (17-21 years old) and the military enlisted apprentice

populations.

In order to develop the aptitude composite and cluster

qualification rates for the NPS youth and enlisted apprentice

populations, the definitions of the c"mposites and clusters were

I. applied to three data bases. The Profile of American Youth study

was used to represent NPS youth, also referred to here as the

civilian population. The enlisted apprentice rates were der'el-

oped from analysis of the FY81 and PY82 military accession data

bases. The composite and cluster qualification definitions were

applied to these data bases through a two-step process to produce

the qualification ratos used in the third part of the PROMANSA

'.ft model.

In the first stop, the test results in the three daea bases

were reviewed t-o determine if the individuals in the selected age C

groups met the minimum combined score requirements in each

composite. Based on this analysis, composite qualification rates

were developed for the NPS youth and enlisted apprentice

populations.

In the second step, the Aptitude Cluster qualification rates

were developed. Within each cluster, there may be more than one C

combination of subtests making up the various composites in the

A-6
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cluster. In order to determine th~e qualification rates for the

I! seven clusters# it was necessary to determine if individuals

qualified in any on* of the different combinations of s~3btests

included in the cluster. Seventeen unique subtest combinations

were identified within the 26 composites, These 17 combinations

1:-' were used to determine the cluster qualification rates. For

example, in order to qualify for the Technical cluster, an

individual could qualify in any one of six ways. The arrows in

Exhibit A-2 show the 17 subtest combinations used to develop the

Aptitude Cluster qualification retos.
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This appendix documents the computer program used to calcu-

late the weapon system manpower estimates developed in the second

part of EMREM (see Exhibit 11-2). The program in written in

Apple-soft BASIC and has been run on the Apple II microcomputer.

The program consists of a short main program and four sub-

K routines. The main program is primarily responsible for reading

the input data.

The first subroutine is an interactive data input section. tie.,.

Thesris aprop tedi tosuments the crmucial paorametr u pedrtoaining..

to the new weapon system and the orgnnizational unit into which

this system is to be deployed. Specifically, the user is first

asked to enter the lower and upper bounds for the new weapon

system usage rate. For the helicopter application., the unit of

measure for the usage rate is flying hours per year. The user is

then prompted to supply the lower and upper bounds for the annual

available productive manhour (AAPMH) factor. This factor# which

varies by maintenance echelon allows the conversion of annual ..

• maintenance manhour data to numbers of personnel. The final

", prompt in this subroutine asks the user to supply the number of

weapon systems anticipated to be deployed into the organiza-

tional unit.

"The second subroutine calculates the number of persons from

each M.S group required to meet the scheduled and unscheduled

maintenance requirements at each echelon below the depot level,

as well as the total below depot level requirement. That calcu- *5)

lation explicitly accounts for the number of weapon systems in

the organizational unit.

.ec5O.,u rqie ome teshdldan nceue

B'-i
,'.'maitennce equremnts t ech cheln lowthe epo leel,.,..,

e"5
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There are a number of assumptions incorporated in the cal-

culations that deserve elaboration. The most salient of them is

that manpower requirements are directly proportional to-the

usage ratel i.e., doubling the usage rate doubles the associated " ,

maintenance manhour requirements. This seems a reasonable '

assumption when applied to small (relative) fluctuations in the

usage rate, It is, however, a concession to data availability.

a; Another assumption concerns the rounding of non-integer personnel

figures into more meaningful integer values. That is, after

dividing the required AAMH (for a given MOS) by the AAPMH factor,

- the result is an integer plus some fraction. We impose a couple 4 "

of rules that apply in the conversion of this figure into an ,

integer. The first of these assumptions can be interpreted in

, the following way. Let N be the number of weapon systems in the

organizationl unit. Then, if the rounding to the greatest

integer less than or equal to (N*AMMH)/AAPMH implies that each of

the associated personnel must absorb an additional ten percent or ¶ :

. more work load (due to rounding), then the figure may be eval-

," uated for potential rounding upward to the next higher integer.

"This leads to. the second rule imposed on rounding. The program

does not allow the upward rounding if the result is that each of

the associated personnel is contributing less than 90 percent of

* the lower AAPMH factor input. The product of the second sub- -

routine is the number of below-dopot-level maintenance and

a. support personnel required for each MOS group. This estimate is

determined for each of the four scenarios that reflect the

pairwise combinations of the two extreme usage rates and AAPMH factors. 7 ..

B-2
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The third subroutine compares the EMREM below depot level

p estimates to the most recent observations on the weapon system to

which EIREM is being applied. This subroutine determinvs where

the benchmark (realised) manpower requirements lie with respect

to the ENREM estimate interval. This subroutine allows expedient

isolation of those MOSs (and, hences subsystems) for which EMREM

is proving to be less accurate. This will allow us to critically

evaluate our choice of input data.

The fourth subroutine is essentially a report writer.

The baseline program may be modified or augmented so as to

most fully exploit the data available for EMREM applications to

other weapon systems*

B-3
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1 REM ****$*8* EMREM PROGRAM
2 PRINT CHR$ '4)"BAUN AMPER INTERPRETE.
3 TEXT: MOME
4 REM INITIALIZATION STATEMENTS
S A a :B nO:C - O:D in aO;:EauO;Ga CH Ga 1 O0: 0:K-0:L 0

"6 P - 0:0 u 0:R - O'S - 0OT w 0:U 0:V - O:W a 0:X a 0:Y *0:Z " 0
7 HOME : SPEED" 160: FOR I a I TO 10: PRINT : NEXT : PRINT " -

""** EMiEM *4*4 " HOME PRINT " " SPEED" 255

5" I REM DIMENSION STATEMENTS
9 REM

S10 DIM Cl$(30),C2(30) *AI(30) *AZ(30O .A3(30) ,A4( 30).LLS(301 *CV(30)
1 IZ DIM Hl(30).HM230),P1(10,3O),P2(10,

3 0)
13 DIM MS$(30),MI(30),MM(30),!S(30).SB(30)
14 BELL-

"" 15 REM READ STATEMENTS
16 REM
17 R.AD SYl,U .N0.
I 1 FOR I a I TO NO: READ MSI(I),MI(I),M(X),'(I),S'(I) NEXT
19 READ C54.MLS NI
20 FOR 3 a I TO NI: READ cl(J),CZ(J): NEXT
21 REM
22 REM • P *** ESTIMATE INPUT DATA **4*
23 DATA AM-64.rtYING MRS/YR.9

r., 24 DATA 6ei ,1,.03Z,AM-5$,AAHTF
K; 25 DATA 6D,1 ,.3S0,AH-56,AAHTr

26 DATA 68B.1000.54 33,YUM-60AStKOR.
27 DATA 68H,1, 000,AH-1G,AR5?0-,
Z8 DATA 68F,1,.000,AM-lG,ARS?70Z
29 DATA 35 .,, .629,AH"56iAAHTF
30 DATA 68J.1I,036.AH-56,AAMT,
31 DATA 66J/M.1,3.0Gl.AH-56,AAMTF

, 3 32 DATA 6?R.1 ,.133AH-56,AAHTT
54 REM * ATA FO* **4**RI-".*N "$-**

S55 REM
56 REM ****** COMPARISON DATA ****
5? REM DUMMY DATA FOR COMPARISON
58 DATA FY6S CiJPRI.,I"
59 DATA 65G,100
9 5 REM
96 REM

S97 REM
95 R EM
99 REM
100 REM PROMPT USER FOR SCENARIO INPUT
101 REM "m.uummmmm m mmummi UmUmm333U

"d 110 GOSUB 1000
115 REM
119 REM m mm. m m mm mi,,,um mmmmUS ,..

"IZO REM CALCULATE MANPOWER REQUIREMENTS

REM ..u.......u......................
1:1 REM
130 GOSUB 2000

'~135RE

13 REM
140 REM COMPARE EETIMATES WITH ACTUAL,

;'" 141 REM "ulmmeeeaieaemommmmm'' "

s.' 150 GOUB 3000

B-4

.. ' .* _..•. P.-.:,.:.:. .. -,-:,:.... ..-. ?.•,,,•€; .• ,.,,"•-• • '; .'• e . 'P".,& . ,.•.'.;;,*;,,.*.*,.'..; .*.. ,,-.• ,



"ft .ft .+..i

- . ft• .

. +. , * R E M,

1S59 REM '

160 REM GENERATE OUTPUT REPOR -,'

170 GosLIs 4000 "

Igo END :,:
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21!0 REM
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"ftf
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155 ,R.M

159 REM .usum~uue....mu-u*U
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S1000 REM <(((<< PARAMETER INPUT SUBROUTINE >)>)>
100.1 CRI "ERROR -- LOWER WAS a) UPPER!"

,-,1006' PRINT BELL0. HOME : FOR I w I TO 8: PRINT NEXT I
1 *003 PRINT" ";: INVERSE : PRINT " RECORD KEEPING INFORMATION

" PRINT PRINT
1004 NORMAL PRINT " ",: INVERSE ý PRINT "TODAY'S DATE (MO/DAIYR'";: INPUT

S1005 PRINT NORMAL : PRINT " "' INVERSE : PRINT "PURPOSE'"
100, NORMAL : PRINT I 1 ORG ECHELON RUN": PRINT " 2 DS ECHELON R

UN": PRINT " 3 GS ECHELON RUN": PRINT PRINT " "I f
.1007 INVERSE : PRINT "YOUR CHOICEW";: GET H IF H < I OR H M 3 THEN HOME

SFOR I a 1 TO 10: PRINT : NEXT : GOTO 1005
1006 IF H w I THEN PPS a "ORG ECHELON RUN'"

., 1009 IT H a ; THEN PPS w "DS ECHELON RUN"
,i; 1010 IF H - 3 THEN PPS a "GS ECHELON RUN"

101. FOR I I TO 3: PRINT BELL$
,':,1012 HOME PRINT : PRINT . INVERSE : PRINT SYI"-RELATED PARAMETER INPUT .t.....,.

SECTION":' NORMAL
1015 PRINT BELLS

,..1020 PRINT : PRINT SPEED* 180: PRINT "ENTER UPPER AND LOWER BOUNDS FOR"
PRINT SYS" USAGE RATE "

" " 1030 PRINT . PRINT "LOWER BOUND * "; : INPUT Ml: PRINT "UPPER BOUND " : INPUT
Mb: PRINT ! PRINT

11040 IF HM '- Ml GOTO 1060
I.1050 SPEED* 2SS: FOR I a I TO 2. PRINT BELLS: NEXT : SPEED. ZS! PRINT : TRINT

ER,," "I HOME ; GOTO 1020

100PRINT SPC( 5)*****S*#**S*ss** PCC 5).
~i1065 PRINT DELLS

""1070 PRINT PRINT : SPEED. 180: PRINT "ENTER UPPER AND LOWER BOUNDS FOR"
PRINT "AAPMH FACTOR.

1080 PRINT PRINT "LOWER BOUND * " INPUT F'i): PRINT "UPPER BOUND * '-
INPUT F(Z); PRINT : PRINT

1090 IF F(2) ) F(1) GOTO 1110
.1100 SolLED- Z£55 FOR I a 1 TO 2: PRINT BELLS NEXT SPEED- 25: PRINT PRINT

ERS" ". HOME : GOTO 1070
1110 REM
1115 PRINT BELL-
1120 HOME . PRINT : PRINT : PRINT : PRINT : PRINT : PRINT "ENTER ANTICIPA

TED NO. OF "SYS"S" PRINT "PER ORGANIZATIONAL UNIT."'; INPUT N
1125 FOR I - 1 TO 3: PRINT BELLS: NEXT ,',"

•"1130 SPEED- J00 HOME : FOR I - 1 TO 10. PRINT : NEXT I:'NVERSt : PRINT
NOW CALCULATING REQUIREMENTS --- ' NORMAL SPEED- 255

1135 RETURN
....1140 REM
".iso50 REM

"%"% .
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2000 REM (<(I(( CALCULATION SUBROUTINE )))))
2005 REM CALCULATE TOTAL MANHOUR REQUIREMENTS FOR ORG UNIT
2010 FOR J 1 TO NO
202.0 Hl(J) - N S (MI / M2(J)) * MH(J)
2030 HZ(J) - N * (MH / MI(J)) * MH(J)
2040 NEXT
2 045 Rr CHECK FOR EXCESSIVE WORKLOAD DUE TO DOWNWARD ROUNDING ".z050 FRx - J TO 2. F"OR K a Il TO" NO ,
2G60 IF (MI(K) / 1F(I) .. INT (HI(XI / F(l))) I ( INT (MI(K) / F(l)) ÷ .00

01) ) .1 =OTO 2n6010[

2070 Pl(2K) • INT (HI(K) / T(I') GOTO 2090
Z0bD P-I lXI a INT tHI(K) / r(lI + I"
2090 I (HZ(K) / r(, ) - INT (HM (K) / r(I))) / C INT (HZ(K) t r(i)) .0oo

01) ) .1 GOTO 2110
Z100 PZ•C,K) * INT (MZ(K) / F(I)): GOTO 2120
2110 P2(1.X) a INT (M2(X) / F(1)) + I '.4'-

"21-0 NtX" K: NEXT I
2125 REM CHECK FOR DIMINUTIVE WORKLOAD
Z130 FOR I a I TO 2t FOR K m I TO NO
2140 IF HIC() / (PI(I,K) * .00001) ( .1 * F(l) THEN P1(I.K) a PI(I.K) - I
2150 IF H ,2(K) / (P2.(i K) * 00001) c .1 * r(1) THEN PZ(I.K) w P&,(I.Kl - I ,., ,
2160 IF P1,I.K) e 0 THEN PI(IK) m 0
2170 IF Pz(I.K) < 0 THEN PZ(,K), 0
2200 NEXT K- NEXT I ..
2900 RETURN

. 2196 REM
Z999 REM 4
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3000 REM ((UCOMPARISON SUBROUTINE ~*
3315 REM DETERMINE WHETHER ESTIMATE INTERVALS CONTAIN BENCHMARK DATA
33:o FOR I I I TO NI:X m 0
3330 X a X I 1
3335 IT X - ) NO + I THEN LLS(I) n "EMREM DID NOT ANTICIPATE THIS MO! GR

0UP.":CV(I S: " GOTO 3400
3340 IT CIs(p) MSIl(X) THEN GOTO 3380
3ý50 OTO 3330
3180 RIE-M THERE I1 A MATCH BETWEEN COMPARISON ANr EMREM MOB CODE

3355 IF C2(1 • ) (HI(A) / N) AND C2(1) * C(H2(X) / N) THEN LLI(I) -
YEV' GOTO 3400

3390 LLI(I) - "NO"; I C2(1) M HI(X) / N THEN CVtI) - 1: GOTO 3400
3395 CV(I) 2
3400 NEXT I
3980 RETURN ,'
3990 REM
3995 RErM
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4000 REM (U((( REPORT WRITING SUBROUTINE W))>)'
40oo PR* i
400' PRINT CHRS (9)"80N" PRINT CHR$ (27)"E"
4003 Yl u "(EMREM LOWER BOUND TOO HIGH.)":YZS w "(EMREM UPPER BOUND TOO L

4004 NCI •" NOTE: *PER!. INVARIANT TO USAGE RATE, AAPMH FACICR RANGE LIM
.ITS AFTER ROUNDING.":FTS (SEE NOTE.)

'.:.4006. 311 m "NOTE: EMREM PREDICTED ":325 $ " RELEVANT MOI GROUPS THAN
4007 FiS a "FRMT,$3;";FZs m "FRMT,XI0,S,Z,0:":131 * "FRMT,X10,S,2,0,".F4-

"FRMT, ! 5; " .,

"4005 1s5 * "mRMT,X7,50,0,": PRINT CHR$ (16)
4009 PRINT . PRINT : PRINT !PC( **** ******************************,

.,4010 PRINT SPC( 6)"S EMREM MAINTENANCE & SUPPORT MANHOUR REOUIREMENTS tS
TIMATES S"

4011 PRINT SPC(6)",,******$*,************SS************************

* .4015 PRINT CHRS 1Z7)"E"
4020 PRINT PRINT : PRINT PRINT SPC( 28)SYS" APPLICATION": PRINT PRINT

, •PRINT ',
~.4060 PRINT SPC( 28)"AMMM"

4C70 PRINT SPC( 16)"MOS" SPC( 5)"LOW" SPC( 5)"HIGH" SPC( 6)"BASELINE SYE

407s FOR K I TO NO
4080 PRINT SPC( 16): & PRNTM2S(K),FIS; & PRNT,HI(K),FZS: & PRNTHZ(K),F

3S: & PRNT,bS(K),Fi4: PRINT SPC( 3)! PRINT
"406S NEXT K
409c; FOR I a I TO 5 PRINT : NEXT
4091 PRINT SPC( 35)"SCENARIO": PRINT SPC( 15)"ESTIMATE" SPC( 6)"AAPMH" SPC(

.. ,, 4)"USAGE RATE ("U$")" 4'

',." ,4092 PRINT IPC( 18)"LOW" SPC( 10)r(2) !PC( 8,M!
'" 4093 PRINT SPC,( i7)"HI'-H" SFC( li] F(l) SPC( IJMZ

4094 PRINT : PRINT : PRINT SPC( 16)"ORG. UNIT SIZE a "N" "SYs"'s."a-
09 4797 FOR I I ± TO 14: PRINT - NEXT : PRINT SPC( 45)"DATE£ "DI

4099 PRINT SPC( 4SJ"PttRPOSE "PPI
4200 REM

-.. 1'4;01 PRO 1: PRINT CHRI (9)"GON": PRINT CHRS (12)
4206 PRINT PRINT

"K. 4204 PRINT SPC( 4)"************ $* ****S *4*S•sC "'"

.. 420t PRINT SPC( 4)"* EMREM MAINTENANCE & SUPPORT PERSONNEL REGUIREMLNTF
"ESTIMATES 4"

"4206 PRINT SPC( 4)" **l***sE ** ******$ ****,**

14 4010 PRINT PRINT PRINT SPC( 30)SYS" APPLICATION". PRINT : PRINT PRINT

. 4215 FRI4T EPC( lbl"MOS" SPC( 4)"LO•'" SPC( S)"HIGH" SPC( 6)"BASELINE.
", 4Z.0 FOR I - I TO NO

' "'4Z40 PRINT !PC( 18) & PRNTMSS(I).FIS. & PRNT.P1(2,I),TSS: & PRNTPZ(,.
"It.S & PRNT,BS(I),r41: PRINT SPC( 3) PRINT

4' Z: 460 NEXT I TO0PIT NX
4?lFOR I ITO8-PNT EX

4272 PRINT SPC'. 35)"SCENARIO" PRINT SPCi 16)"ESTIMATE" SPC( 6)"AAFMH" SPC(
"4)"USAGE RATE ("U61l" 1
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I 4•73 PRINT SPC( 16)"LOW" SPC( I0)F(Z) SPC( B)MI

42"4 PRINT SPC( 17)"HIGH" SPC( IO)Fk.) SPC( 8)MZ

42?5 PRINT PRINT PRINT SPC( 16)"ORG, UNIT SIIE * "N'" "'SY"'S."° S'4276 
FOR 1 1 TO 14: PRINT : NEXT ; PRINT SPC( 45)"DATE: I'D$

4277? PRINT SFC,( 45)"PURP0SE: "PP$
i' .L 427?8 PRI1NT

:,• ,* 4290 SPEED" 100: PRINT : PRINT PRINT : PRINT "IF YOU WOULD LIKE TO HAVE
;bA COMPARISON REPORT, ENTER 1."1: SPEED" 2S55FYUWLDIKTOHV

,': 4300 GET U: IF U a I THEN GOTO 4400

"4310 GOTO 4990
4400 REM COMPARISON REPORT PRINT STATEMENTS (OPTIONAL)

4405 PR# 1: PRINT CHAS (12): PRO 1

4 .0 PRINT CHRA (9)"S0N"
' 4430 PRINT SPC( Z22)"** COMPARISON SUMMARY * *"

4440 PRINT : PRINT : PRINT IPC( 26)SY$" APPLICATION": PRINT SPC( 26)"DE

NCHI'IARK DATA SOURCE, "CBS

.,• * 4450 PRINT PRINT : PRINT

4460 IF NO NI THEN PRINT 516"MORE"520t. PRINT C03" ,"

4470 IF NO < NI THEN PRINT SS"TrEWER"3S26: PRINT CSS","

S4460 PAINT PRINT
- 4500 PRINT " MOB GROUP" SPC( 12)CSS" VALUE IN ENREM INTERVAL?"

"450S PRINT
" K-" 4510 FOR 3 I 1 TO NI

4520 PRINT SPC( 6)CIStJ) SPC( ,4)LLOIJ);
4530 IF CV(J) a I THEN PRINT " "YIS
4540 IF CV(J) a 2 THEN PRINT " "YZ2

4545 IF CV(J) C * > I AND CV(J) ' * ) 2 THEN PRINT " "' PRINT

4550 NEXT J
. 4990 PRINT CHRS (12)

4999 RETURN
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